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SOME OF THE INFLUENCES WHICH AFFECT THE 
POWER OF VOLUNTARY MUSCULAR CONTRAC- 
TIONS. By WARREN P. LOMBARD, MD., Assistant 
Professor of Physiology, Clark University, Worcester, Mass. 
(Plates I. II.) | 


INTRODUCTION. 


To study the influences which affect the power of voluntary muscular 
contractions is to study the conditions which affect the activity of 
the mechanisms, by which, alone, man is able to express his thoughts 
and accomplish his wishes. Though the life of every man is largely 
devoted to an unconscious consideration of these problems, we have 
still much to learn. The research is hampered by the multiplicity of 
the influences, and by the contradictory evidence given by men of 
different physiological organization. The one, is markedly affected by 
meteorological changes, and would insist on the important influence of 
the weather; his neighbour, who is less susceptible to these changes, 
laughs at his conclusions, and, having a poor digestion, would attribute 
all to the effect of food. The one, states that a cigar helps him in his 
work, another, feels from his experience, that it can only be injurious, 
As long as the answer to such questions rests on the slender basis of 
individual impressions and feelings, this uncertainty must continue. 
Since simplicity is almost indispensable to accuracy, the physiologist 
has been forced to postpone the study of the complex whole and to 
devote himself to the separate parts. Thus, as a preliminary to the 
study of voluntary acts, it has been found necessary to carefully study 
the isolated nerve and muscle. The most reliable of the facts which 
have been ascertained concerning the nerve and muscle, apply to these 
mechanisms when artificially stimulated, and when placed under arti- 
ficial conditions. This work has taught us much concerning the nerve 
and muscle as a machine, and concerning the way they act under a great 
variety of conditions. We have, however, learned but little concerning 
the nature of the voluntary nervous impulse, and almost nothing as 
to its source, and the influences which determine its strength. Those 
PH, XIII. 1 
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influences which act oyer considerable periods of time, and especially 
those which affect the body as a whole, and only indirectly act upon 
the special mechanisms which take part in the voluntary action, are 
least of all understood. In fact, though the contraction of voluntary 
muscles has been carefully analyzed, but little is known concerning 
voluntary muscular contractions. The lack of a satisfactory method 
for studying the central nervous processes, and the almost hopelessness 
of obtaining accurate results, where the conditions are so complex 
and so beyond the control of the experimenter, accounts for the slight 
progress which has been made in this direction. 

The object of this research was to ascertain what are the influences 
which determine the activity and fatigue of the central nervous mechan- 
isms which excite the voluntary muscles to action. Undoubtedly not 
all of these influences have been observed, partly because of the subtile 
nature of many of them, and partly because all the experiments were 
made upon the writer, and only those influences by which he was most 
affected revealed themselves. Those influences which especially affect 
the activity of the nerves and muscles, and which lately have been 
studied on men, with so much care, by Mosso and Maggiora, though 
not forgotten, were not made the subject of special study, because the 
writer found that in his case, the central nervous mechanisms yieid to 
fatigue long before the nerves and muscles, and that the fatigue which 
he witnessed was almost wholly of central origin. The shape of the 
curve of contraction, too, from which, undoubtedly, much information 
might be gathered, was, on account of lack of time, neglected. In spite 
of ‘these and of many other omissions, which the reader will readily 
observe, the writer submits his work as a contribution to individual 
Physiology. 

The danger of drawing conclusions from experiments made on 
one’s self, is not to be overrated. The subject may unconsciously, 
and even unwillingly, influence his actions. Either a desire to see 
some theory established, or the very fear that such a desire may 
influence the results, may interfere with the work. He must, as far 
as may be, put himself in an indifferent attitude towards the problems 
he is studying, and try to have no theories as to the outcome. This 
is excessively difficult, and therefore those results are most reliable 
which are recorded automatically, and in such a way that the subject 
cannot know them until the experiment is over. An unexpected 
result is always to be prized; irregularities, which are the rule in all 
work involving the central nervous system, aro to be rejoiced in; and 
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laws are to be deduced only from large numbers of experiments. A 
large number of routine experiments has the further advantage, that 
the subject ceases to be interested in the individual observations when 
the work has become drudgery, and, being indifferent, is less likely to 
influence the results. 

The writer had these ideas in mind when he began this research, 
but he soon found that many of his fears were without basis. To 
test his suspicion that a preconceived notion would influence the 
result, he for a few days tried before each experiment to estimate 
the probable outcome. He soon found that he failed much more 
often than he succeeded. He could never be sure from his sensations, 
his feeling of tire, ete., whether he was capable of doing much or little 
work. Even if he watched the recording tape, or the records on the 
kymograph drum, he found that he was unable to predict the course 
of the experiment, or even whether the contractions immediately to 
be made would be large or small. Although personally convinced 
that in this particular line of research his mental attitude had little 
or no influence on the result, for the sake. of making his work of 
more value to others, he conducted his experiments in such a way as to 
as far as possible exclude the influence of the mind. , 


The work was all done with the flexor muscles of the second finger, and, 
except in a few cases, with the left hand. The arm rested on a firm support, 
and the hand was fixed according to the method described by Moss, by the 
insertion of the first and third fingers in closely fitting brass tubes, ue the 
placing of a firm cushion behind the knuckles. The subject had done so 
much work of this kind in a previous research, that the lateral supports for 
the arm, which Mosso describes, and which are sometimes required by 
beginners, were unnecessary. 

A sketch of the arm rest and of the recordinig apparatus is given in Plate 
I. Fig. 1. 

A collar of leather, (a), 1} centimetres wide, surrounded the second 
phalanx of the second finger and connected it with a strong gut cord, which 
passed over a pulley, (ö), to the weight. A weight of two kilos was used in 
all the experiments of the first series, and, in the * experiments, weights 
of 3, 4 and 5 kilos were employed. 


A. Mosso. Les lois de la fatigue étudiées dans les muscles de l'homme.” Travaux 
de Lab. de Physiol. de Turin, 1889, pp. 149-212. Archiv Ital. de Biol. T. XIII. p. 123. 
Archiv f. Anat. u. Physiol. 1890. p. 89. 
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The movements of the finger and of the attached weight were recorded 
simultaneously in two ways. A thread fastened to the collar, (a), passed 
round a delicate pulley, (c), and connected with the lower end of a + shaped 
needle, (d), the horizontal arm of which wrote the movements of the finger 
on the smoked paper of a kymographion drum. The needle was supported, 
and a counter resistance was gained, by a thin elastic band, (e), which was 
fastened to its upper end. The piece of elastic was suspended from a rod, 
which extended horizontally from the standard to which the pulley was 
clamped. A few twists of the elastic kept the needle in light contact with 
the drum, Every time the finger was flexed, the needle was drawn down to a 
corresponding amount, and when the finger was extended, the elastic drew 
the needle back to its former position. A record of the heights to which the 
weight was raised by the successive contractions was thus obtainable. The 
labour of measuring the curves and of computing the total work was so great, 
however, that it was found necessary to devise an apparatus which should 
record automatically the total height to which the weight was lifted. 

This apparatus, which may be called a tape recorder, consisted of an 
endless tape, 9 millimetres wide, and 200 centimetres long, which was 
stretched round two pulleys, which were fastened near the ends of a horizon- 
tal rod. The rod was so supported, that the tape was parallel to, and just 
above the cord which connected the finger with the weight. A little metal 
box (F Fig. 1, and Fig. 2), two centimetres long and one square, was fastened 
to the cord, a short distance from the pulley. 

The box was open at each end, and the tape, which passed through it, was 
pressed upon by the serrated end of a flat spring, placed diagonally and in 
such a way that it permitted a movement of the tape in only one direction. 
When the cord was drawn forward by the flexing finger, the box moved with 
it, and pulled the tape along to just the same amount. When the finger 
extended, and the cord ran back, the box slid over the tape, a backward 
movement of which was prevented by a similar little box catch (g), Fig. 1, 
which was firmly fastened to the horizontal rod. Thus, with each contraction, 
the tape was moved to the exact amount that the weight was lifted, and the 
sum of the heights to which the weight was lifted by the successive contrac- 
tions could be read directly from the scale marked on the tape. 

In many of the tables, accompanying this paper, the work done is 
expressed in centimetres, i.e. the total height to which the weight was lifted 
by all the contractions of each observation. To obtain the actual work one 
must multiply this sum by the weight which was employed. 

During each series of experiments, the work was done in, as nearly as 
possible, the same way. The collar on the finger held the same position, the 
weight was the same, the rate of contraction was the same, and the method 
of contraction the same. In nearly all the experiments, the muscles were 
contracted once every two seconds, the time being given by a metronome. 
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The contractions were all maximal, the weight being lifted each time as high 
as possible, and then immediately lowered. About } second was spent in 
raising the weight, about half a second in lowering it, and about } second in 
rest. The work was continued until the first contraction which failed to 
raise the weight. 


Course of the experiments. 


The subject, as far as he can judge, is a well man, and throughout the 
period occupied by this research he suffered from no indisposition. The ex- 
periments here described extended over eight months, from December 1890 
to July 1891 inclusive. During this period the power was tested more than 
800 times and the muscles contracted more than 50,000 times. 

The first series lasted three weeks, from Dec. 6th to Dec. 27th inclusive. 
During this time the subject led a fairly regular life. Except for short walks, 
he remained in the house. On some days very little exercise was taken, most 
of the time between the experiments being given to tabulating the results ; 
other days were spent in preparing apparatus for a research which was to 
follow, and this work necessitated standing and walking about. Every day 
was full, and though there was no excessive mental or muscular work, beyond 
that involved in making the experiments, the end of each day found the 
subject tired. The fatigue caused by the experiments was undoubtedly 
considerable, because many muscles, besides those which were studied, were 
vigorously contracted. Further, the necessity of working at stated and 
frequent intervals, of being on duty throughout the day, added to the general 
fatigue, The usual food, including two cups of coffee with breakfast and 
two cups of tea with lunch, was taken. No wine or beer was drunk. It is 
further worthy of notice, that the subject ceased to smoke the day that the 
work was begun, and resumed smoking on the evening of the twenty-fifth, 
three days before the close. The subject kept a careful journal of his 
doings, and at the time of each experiment recorded the state of the 
barometer and the height of the thermometer in the room where he worked 
as well as out of doors. 

The first series of experiments lasted twenty-three days. The observa- 
tions were taken at intervals of two hours. Maggiora found that a rest of 
one and a half to two hours is sufficient to remove the fatigue produced 
by such experiments. During the first week, the power was tested every 
two hours, from 8 a.m. to 10 p.m. ; during the second week, at times which 
covered the intermediate hours; and during the last ten days, nine experi- 
ments were made each day, from 6.30 a.m. to 10.30 p.m. Thus, in these 


1 A. Maggiora. “Les lois dela fatigue étudieés dans les muscles de l'homme.” 
Travaux de Lab. de Physiol. de Turin, 1889, p. 213. Arch. J. Anat. u. Physiol. (Physiol. 
Abthl.) 1890, p. 191. Arch. Ital. de Biol. T. xu. p. 187. 
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twenty-three days the power was tested 198 times, and at intervals which 
well covered the day. It was hoped that experiments made with such 
frequency, and during so long a time, would reveal most of the influences 
which affect the voluntary muscular power. 

The second series of experiments extended from March 2nd to March 

Isch, inclusive, and during this time sixty observations were made. It was 
undertaken primarily to ascertain the effect of smoking upon the voluntary 
muscular power. The experiments were made five times a day and in the 
same manner as those of the first series, except that, in order to shorten the. 
experiments, a weight of three instead of two kilos was used. A cigar was 
smoked before each experiment, 

In many of the experiments of the first series, it had been noticed that 
the subject was capable of doing more work at 6 P. u., than at 4 p.m. This 
result was seen to be quite constant throughout the second series. This 
increase of power toward night, the time when the daily fatigue might be 
supposed to lessen the power, was so surprising a fact, that the subject 
determined to make a special study of the diurnal changes in the power, and 
so undertook the experiments of series three, which were made at intervals of 
two hours throughout the day and night for seven days, from March 18th to 
March 24th. These experiments were made in the same manner and with 
the same weight as those of series two. 

From this time on, the experiments were made at irregular intervals, 
with the object of ascertaining more definitely the effect of the weather, of 


meals, of tobacco, of alcohol, of weights of various sizes, of the necessary 
interval of rest, etc. 


he central nervous mechanisms fatigue sooner than the motor 
nerves and the muscles. 


As has been reported in a previous paper’, if one continues to strive 
to raise a weight after the power has been lost, temporary and partial 
recoveries of power may be witnessed. Such recoveries are very marked 
in the case of the writer, and undoubtedly would have been seen in each 
of the experiments of this research, had the work been continued after 
the first loss of power. This was done rarely, however, and the first 
failure to raise the weight was always taken as the sign of fatigue. 

It is true that this was not the final limit of the work ; but, since the 
recoveries of power, which have been referred to, recur, as far as the 
writer has been able to continue the work, indefinitely, an artificial limit 


1 “Effect of fatigue on Voluntary Muscular Contractions.” American Journal of 
Psychology, Jan. 1891. Effet de la fatigue sur la contraction musculaire.” Archives 
italiennes de Biologie, T. xin. fase, m1. 
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VOLUNTARY CONTRACTIONS. 7 


to the work had to be chosen, and the first failure to raise the weight 
seemed the most reasonable. The results of the experiments are to be 
interpreted in this sense. 

What mechanism was the seat of the fatigue which thus brought 
the work to a close? Is the failure to raise the weight due to fatigue of 
the muscles, of the nerve-end plates, of the ‘motor nerves, of the 
corresponding cells or fibres within the cord, or the nervous mechanisms 
in the brain upon the activity of which the development of the 
voluntary impulse depends? Experiment has shown, that, at the time 
when the voluntary contraction is impossible, the muscles are still 
capable of contracting and raising the weight, if they be stimulated 
directly by an electrical current, or indirectly by a nervous impulse, 
called out by electrical stimulation of their motor nerves. The muscles 
may have been weakened somewhat by the work, and the contractions 
may not be as strong as those called out at the beginning of the series 
by an electrical current of the same strength, but the muscles are still 
quite vigorous. Mosso also found the central nervous system to fatigue 
independently of the muscles’. | 

Since a voluntary impulse has greater power over a muscle than ah 
electrical stimulus’, the often slight fatigue which is shown by the 
muscles cannot account for the inability of the subject to voluntarily 
raise the weight. The peripheral mechanisms are but little fatigued, 
and we must refer the loss of power to fatigue of some of the central 
mechanisms. 

Experiments have also shown that the will power in general is 
unabated. At a time when the subject cannot raise the weight with 
the flexor muscles of the second finger of the left hand, he can make as 
strong contractions as ever with the extensor muscles of the thumb of the 
same hand or the flexor muscles of the second finger of the other hand, or 
with any other muscles. Since the will power in general is unimpaired, 
and the special voluntary efforts, as far as one can judge from conscious- 
ness, are no less strong, it would seem that the fatigue is located in 
some of the lower centres, perhaps of the spinal cord, upon the activity 
of which the transmission of the voluntary impulse depends. 

The writer reached these conclusions by a former research’. He felt 


sure, therefore, that, in this research, he was studying the influences 


1 Arch. f. Anat. u. Physiol. 1890, p. 123. 

* A. Fick. Myographische Versuche am lebenden Menschen.” Ffuger's Arch. x11. 
1887, p. 185. A. Mosso, Loc. eit. 
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which determine the endurance of the central nervous mechanisins, and 
not, as might at first sight be supposed, of the motor nerves and muscles. 
The question was of such importance, however, that he decided to repeat 
the principal experiments which had led to these conclusions. The 
results confirmed his opinion in the most satisfactory way. The most 
striking of these experiments was made as follows. 


The apparatus for holding the hand, and for recording the contractions, 
was the same as that used in all the experiments of this research (see page 
3), with the exception, that, to avoid unnecessary movements of the hand 
during the electrical stimulation, the thumb and wrist were bandaged to the 
supporting block, as shown in Plate I. Fig. 1. Platinum electrodes, covered 
with several layers of chamois skin, well soaked in water, were pressed 
firmly upon the arm over the site of the flexor muscles of the second finger, 
by elastic bands. These electrodes were connected by flexible cords with a 
secondary induction coil of 10,000 windings, and a short circuiting key was 
interpolated, so that the current might be shut off at will. A current of 
nearly constant strength was obtained from a battery of gravity Daniell cells 
of the Watson pattern. The current passed from the battery through a key, 
the primary coil of the induction apparatus, a Weston Ammeter, a resistance 
box, a large, metronome interrupter, and then back to the battery. Such 
resistances were put in, that the primary circuit showed 7} volts, and 0°25 
amperes. The vibrating spring of the induction apparatus interrupted the 
current 55 times a second, The secondary coil was kept at 7 cm. from the 
primary coil, and at this distance the induction current was strong enough to 
produce a vigorous but painless contraction. The circuit was closed by the 
metronome every two seconds. When the short circuiting key of the secon- 
dary circuit was opened and the key in the primary circuit was closed, the 
muscle was tetanized each time the metronome closed the circuit, by an inter- 
rupted current which lasted about 3 of a second. 

The subject sat between two tables. On the one to the left was the arm 
rest, to which his left hand was fastened, and the recording apparatus; on 
the one to the right was the electrical apparatus, and; within easy reach of 
the right hand, the key in the primary circuit. A string, attached to the 
break of the kymographion, enabled him to start the drum. The metronome 
was in motion and gave him the time. He made a voluntary contraction, 
lasting } sec., and when he relaxed and the weight touched the support, closed 
the key in the primary circuit ; the metronome, as it swung forward, dipped 
the wire into the mercury and completed the circuit, and the muscle was 
stimulated electrically for 3 of a second, and contracted, raising the weight. 
As the contraction ceased and the weight fell, the key was opened and the 
circuit broken, so that the dipping of the wire at the next forward swing of 
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the metronome had no effect. At that moment another voluntary contraction 
was made. This was again followed by an electrical stimulation, and so on, 
the muscle contracting alternately to voluntary and electrical stimuli, once 
every two seconds. 


The record of this experiment is seen in Fig. 3, Plate II. The 
tracings made by the contractions which were excited by electricity, 
have been, for the sake of clearness, connected by a dotted line. The 
other tracings were produced by the voluntary contractions. The 
record shows that while the muscle fatigued but little, and was able 
throughout the experiment to contract well in response to the electrical 
stimulus, the voluntary contractions decreased in size, then recovered, 
only again to lessen, again to recover, and again to lessen. 

The independence of the central and peripheral fatigue was no less 
evident in the experiment recorded in Fig. I., Plate II. The size of the 
contractions called out by the sub-maximal electrical excitations, 
decreased, at first rapidly, and then very slowly, while the responses to 
the more effective voluntary stimulus took an entirely different course. 
Undoubtedly a stronger electrical stimulus would have produced more 
vigorous contractions. In both experiments, it was found that the 
muscle could reply to the electrical excitation at a time when the 
voluntary power had ceased to be effective; this is not shown in these 
figures, in which only the first part of these curves are given. These 
are only two of the many illustrations which the writer might give. 
They were chosen because they give the normal curves of experiments 
on tobacco and alcohol, to which we shall refer later. Though there is 
reason to believe that nerves are not fatigued by their functional 
activity’, it seemed possible that the nerve-ends might tire, neverthe- 
less, similar and no less striking results were obtained in experiments in 
which the nerve was electrically excited, and thus the nerve-ends and 
the muscle indirectly stimulated. 

There can be no doubt but that the central nervous mechanisms 
fatigue independently of the peripheral, that the periodic returns of 
power were of central origin, and that the first failure to raise the 
weight was due to alterations in the central nervous system, and not to 
fatigue of the nerves, nerve-ends or muscles. 

When we discuss the effects of tobacco and alcohol, experiments 
will be cited which conclusively show that the influence of these 
drugs over the voluntary power is primarily — upon their 
action on the central nervous system. 


1 Widenski, Bernstein, Bowditch, Maschek and others. 
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The influences which affect the voluntary power of the writer, 
which have been studied in this research, must, then, be looked upon as 
influences which affect the special central nervous mechanisms that 
stimulate the motor nerves which are connected with the flexor muscles 
of the second finger of the left hand. Of course, we must recognise 
that other mechanisms involved in the voluntary act were fatigued 
during the work, but their fatigue was not the cause of the first loss of 
power, and did not set the limit to the work. 


Effect of the fatigue of the day. 


Mosso and Maggiora, in the papers to which we have referred, 
state that mental as well as muscular work may lessen the voluntary 
muscular power. 

The eight observations of the first day of this research, showed the 
power to be less at night than in the morning. This effect of fatigue 
was more or less markedly seen in the case of 17, out of the 23 days, of 
Series L, in spite of the fact that during this time, the amount of 
muscular work was not great. The difference between the first and 
last observation on the different days was, however, not infrequently 
very slight, and on five days the power at the last observation was 
considerably higher than at the first. The cause of these exceptions 
was not altogether clear at the time. Variations in the height of the 
barometer were noticed, and were suspected to play an important part, 
but it was not until four months later, when the records of a self- 
registering barometer were obtained, and compared with the amount of 
work which had been done on the successive days, that the remarkable 
influence of meteorological changes over the voluntary muscular power 
was fully appreciated. This will be referred to again when we discuss 
this influence. These exceptions accord with general experience ; though 
one usually feels more tired at night than in the morning, occasionally, 
even after an active day, one feels unusually fresh. It must not be for- 
gotten that many students find that they can do their best work at 
night, although one would suppose that the fatigue of the day would 
prevent mental activity at such a time. A possible explanation of this 


Surprising fact will be given under the head of diurnal variations in the 


power. 
Further, it was found, that, during the latter days of the series, the 


percentage of loss of strength was far less than during the early days. 


This was the result of the exercise and the consequent increase in 


‘ 
1 
| 
| 
| 
i 
| 
| 
it 
Hi 
i! 
| 
iit 
1 
| 


VOLUNTARY CONTRACTIONS. 11 


endurance. These results are readily seen in the following table, in 
which there is a statement of the total height to which the weight was 
lifted at the first and the last observation of each day, and the 
percentage of gain or loss of power. The first observation was taken 
between 6.30 and 8.00 am., and always before eating; the last 
observation was made between 10.00 and 11.30 p.m. 


TABLE I. = 
Work indicated in centimetres. 
First Last Percentage of 

Date. observation. observation. or loss. et 

Dec. 6 146 60 — 588 

1 82 54 — 341 

86 53 386 

3 70 68 — 28 

„ 10 93 83 ~ 107 

3 118 53 ~ 550 

95 90 — 52 

115 63 — 45:2 

143 92 356 

„ 15 118 185 + B67 

195 161 — 174 

142 92 35-1 

„ 18 142 119 — 162 
„ 19 150 193 + 286 
: » 20 214 226 + 56 
3 194 183 — 56 

„ 22 225 192 — 146 
a 216 180 — 166 
„ 24 256 245 — 
: „ 25 251 280 + 115 
» 26 360 310 — 138 

„ 27 392 378 — 36 
. „ 28 1843 + 108-4 
t These results are well seen in Chart II. Pl. I., in which the 
d alterations produced by the daily fatigue, as shown in the above table, 
* are reduced to a curve. 
1 Effect of the rest during the night. 
* Just as the power was seen to be decreased by the work of the day, 
8. it was seen to be increased by the rest of the night. Although the 
in 


amount of gain varied greatly, the rule held true in all but two of 
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the twenty-two nights thus compared, the 16th, and 20th. The 
cause of these exceptions will be referred to when we cousider the 
influence of the weather. The extent of the gain of power produced by 
the rest during the night is the result of many factors; the fatigue 
of the preceding day; the increase of power caused by the exercise ; 
the length; and soundness of the sleep; the general condition of the 
subject; and the alterations in the weather. The effect of some of 
these influences was quite evident, while that of others was disguised by 
the greater power of other factors. As might be expected, the many 
variables caused the results to be qualitative rather than quantitative. 
As the experiments proceeded, the loss of strength resulting from 
the work of each day became less, and, consequently, the gain of power 
during the night’s rest which was required to restore the balance, was 
lessened. On the other hand, the effect of exercise became more and 
more marked, as the work went on, and so the increase of strength 


TABLE 2. 
Work indicated in centimetres. 
The last test on one The first test on the waa of 
day. following day. or * 

Dec. 6 60 Dec. 7 82 + 366 
8 54 86 + 569-2 
53 70 + 32˙0 
89 68 =: ae 93 + 36°7 
45 83 5 118 + 42˙1 
53 95 + 79-2 
90 115 + 277 
63 143 +1270 
iat 92 118 + 28°2 
185 195 + 64 
3 161 1 142 — 117 
92 142 + 543 
119 89 150 + 269 
gol 193 214 + 108 
226 194 — 141 
53 183 „ 22 225 + 229 
«tae 192 „ 23 216 + 12˙5 
» 23 180 3 256 + 42˙2 
„ 24 245 aay 251 + 2-4 
280 360 + 
„ 26 310 8 392 + 26˙4 
378 » 28 884 + 133-8 
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during the night exceeded that necessary to counteract the effects 
of fatigue. The alterations produced by the weather, though manifest 
on many days, were not infrequently subordinated to these other 
influences. Undoubtedly, had the subject not always slept well, or had 
his general condition undergone marked changes, these factors would 
have had an important influence. 


Table 2 states in centimetres the total height to which the weight was 
lifted at the last observation of each day and at the first observation of the 


succeeding day, and the percentage of gain or loss during the night. 


Effect of food upon the strength. 


As has been stated, with few exceptions, the power was less at night 
than in the morning. The curve of power did not decline through the 
day continuously, however. The fall was checked at regular intervals 
by the meals. Mosso* and Maggiora“ found that each meal tends to 
increase the power, but that this influence alone does not suffice to 
restore the strength. The fatigue of the nerve cells and muscles pro- 
duced by night watches, and severe mental or muscular work, is re- 
covered from only by prolonged sleep. 

The writer found that each meal tended to cause a temporary 
increase in the power. Sometimes the effect of this influence was very 
evident, at other times it was disguised by antagonistic influences. A 
temporary increase in power was seen to take place after all but eleven 
of sixty-nine meals taken during the first series of experiments. One 
of the causes of these exceptions was that on some days the observation 
was not taken until the effect of the meal had passed off. In the later 
series of experiments it was found, that though the stimulating influence 
of a meal may be felt within ten minutes after one begins to eat, the 
full effect does not come on until from 4 to 4 of an hour, and that half 
an hour later the strengthening influence may have ceased. The 
character of the food probably has a marked influence on the time 
required for the effect of the meal to become apparent, on the duration, 
on the stimulating influence, and on the amount to which the strength 
may be increased. The usual quantities of tea and coffee, as shown by 
their omission, did not seem to affect the result. The time of day, as 
we shall see when we study the diurnal variations of the power, the 
state of the weather, or any other influence which can affect the power 
may alter the result. Not enough work has been done on this subject 


Loc. cit. 1 Loc. eit. 
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to warrant quantitative statements. The following experiment will 
serve to illustrate the effect of food: 


Lunch on May 5. 
Escaloped oysters, rolls, cake, one cup of tea. 


Time in minutes 
of the Amount of work | Change in power 
in centimetres. | in centimetres. 
1.07 p.m 98 
1.24 „ 84 — 14 
1.87 „ 70 — 28 
1.50 „ 10 72 — 26 
2.03 „ 23 125 +27 
37 114 +16 
2.31 „ 51 100 + 2 
2.45 ” 65 100 + 2 
3.00 „ 80 91 ae 
315 „ 95 78 — 20 


The power was gradually lessening at the time, and the lunch only 
served to temporarily check the fall. More examples are given under 
the head of diurnal variations of the power, pages 30, 31;—See also 
Chart IV.— 3 

The strengthening influence of the meal is only temporary, and 
cannot long delay the fall of the curve of power produced by the fatigue 
of the day. The lack of nutritive material in the blood is only one of 
the influences which cause fatigue. That it is an important influence, 
is very evident if one fasts throughout a day and then eats a hearty 
meal. The strength gradually lessens as the day goes on, and there is a 
very marked recovery of power when the meal is taken. This question 
has been carefully studied by Maggiora. 


The Effect of Exercise. 


The frequent use of a set of muscles for so long a time could scarcely 
fail to increase the strength, and the effect of exercise manifested itself 
so markedly in this research as often to disguise the action of other 
influences, At the first observation taken, on Dec. 6th, it was possible 
to raise the weight of 2 kilogrammes only thirty times, and the total 
amount of work was 2°92 kilogrammetres, whereas, at the last observa- 
tion of the first series of experiments, twenty-three days later, 778 
contractions were made, and the work was 36°86 kilogrammetres. The 
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average amount of work of the eight observations of the first day was 
204 kilogrammetres, while the average amount of work of the eight 


observations of the last day of the series was 27°32 kilogrammetres. 


The following columns of figures state the total number of contractions 
made and the total amount of work done on each of the twenty-three 
successive days of the first series of experiments. Those days on which nine 
observations were made are marked with a *; on the other days only eight 
observations were taken. The table also gives the average time occupied by 
the work in each of the observations of each day. . 


TABLE 3. 
Total number | Total amount of 
2 Date. of con- work in kilo- — 17 
tractions. grammetres. 

Dec. 6 160 16°30 O min. 40 sec. 
165 15°68 „ 
130 1328 
162 ~ 15°60 
189 17°42 
„ 12 251 20˙36 
„ 1- 24:54 
„ 15 449 34˙78 18 
„ 16 300 28-66 11 
238 22-92 
220 22-02 
» 19 322 29-08 
„ 20 485 39-96 133 
» 22 413 36-94 
„ 24 550 44-40 8 
„ 25 630 49-38 
„27 939 63-24 
„ 28 4359 218˙56 


The total work accomplished by the 12,194 contractions made 
during this series was 87128 kilogrammetres, = 6306 foot Ibs. The 
actual time occupied by the work was only 6 hours, 46 mins. and 28 sec. 
The strength was increased during these 23 days nearly 13 times. This 
shows how much can be accomplished by regular and well distributed 
exercise, even when but little time is given to the work. 


4 

- 

— 


16 WARREN P. LOMBARD. 


The relative rate of increase of power is shown even more strikingly 
in Chart I. Pl. I., in which the curve represents the total height of all 
the contractions made in eight observations, taken at nearly the same 
hours on each of twenty-two days. 

Evidently the curve of power does not increase in a straight line. 
After the first day the power decreased slightly, and it was not until 
the sixth day that more work was done than on the first day. It is 
a common experience, that when one begins regular, vigorous and 
unaccustomed work, the effect of fatigue overcomes for a time, the 
effect of exercise. It seems to be true of the mind as well as of the 
body. Many have noticed the difficulty of taking up routine lecture 
work at the end of a long vacation, and have asked themselves whether 
they have not lost more than they have gained by the rest. After 
the first week the curve of power rose quite rapidly, and towards 
the end of this series of experiments with great rapidity. The rise 
caused by the exercise was not continuous, however; it was several 
times interrupted by other influences, which, at two periods in the 
work, were sufficiently strong to cause a considerable, though tem- 
porary, loss of strength. 

Fechner“ experimented for two months upon the effect of exercise, 
by observing the time required to fatigue the voluntary muscles. He 
raised two dumb-bells of nine and a half Ibs. (“ pfuud”), with extended 
arms, over his head, every other second, and lowered them in the 
intervening second. He found that the amount of fatigue which 
stopped the work came on at just about the same time, for a con- 
siderable period. The first day the exercise lasted 104 seconds, half 
this time being spent in raising and half in lowering the weight. 
For the first few days the fatigue of the past was felt, and indeed for 
14 days no marked advance was made. 

On the fourteenth day the exercise lasted 108 seconds. From this 
time on, there was a gradual rise of the curve until the 41st day,-when, 
though there were many oscillations, the rise became very rapid. The 
oscillations were attributed to the contlict of the two influences, fatigue 
and exercise. The greatest time that the work was continued was 
692 seconds, and this by excessive disturbance of respiration and 
circulation, the whole system revolting against the work as it seemed. 
Hence, he concluded that the limit of the effect of exercise upon the 
muscles is not set by the muscles, but by the constitution. He suggests 


1 Fechner. Ueber den Gang des Muskeliibung.” Ber. d. k. Sach. Ges. d. Wis. 
Math.-phys. Klasse, 1857. rx. p. 113-120. 
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that by well regulated exercise the constitution might be altered, and 
inured to bear fatigue. 

Volkmann found in experiments in which the sense of touch was 
cultivated by practice, that the curve rose at first slowly, and then very 
rapidly until the limit was evidently near. 

The influence of the exercise was seen in the writer's experiments to 
be more marked in its effect on the total amount of work, and on the 
number of contractions, than on the height of the separate contractions, 
though here, too, it could be recognized when heavy weights were used. 
The curve representing the number of contractions which were made at 
each observation, i.e., the time that the strength lasted, was found to 
correspond only in a general way to that representing the amount of 
work possible, and to be much more variable. Thus, more work was 
done by a given number of contractions at certain times than could 
be done by the same number of contractions at other times. For 
instance— 


Date. Time. No.of | inated in 

contractions. — 
Dec. 7 8 a.m. 18 82 
2 p.m. 18 91 

6 p.m. 18 88 = 

Dec. 11 8 a.m. 26 118 
12 m. 26 129 
8 p.m. 26 123 


Not infrequently the number of contractions possible altered within 
short intervals of time, while the average height of the contractions 
varied in the inverse direction and caused the amount of work possible 
to be about the same. The experiments of April 9th and 10th, which 
are given in full under Diurnal variations of the power, offered many 
illustrations. In those experiments in which very many contractions 
were made, the height of the succeeding contractions fell off at first 
quite rapidly, then more gradually, and then continued small but about 
the same until near the end of the experiment. There can be no doubt 
that the amount of work which can be accomplished, is a more accurate 
gauge of the condition of the mechanisms which take part in the 
voluntary action, than either the height of separate contractions, or of 
the length of time for which the subject can continue to make such 
contractions. 

The writer had supposed that at the rate he was exercising, he 

PH. XIII. 
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would, in the course of three weeks, not reach the limit of the increase 
in strength, but arrive at a stage where the change would be very slow. 
He hoped thus to be relieved of one factor, and be better able to judge 
of the effect of other influences. This was not the case however. 
Table 3, page 15, and Chart I., Pl. I, show that the increase in 
power was greatest on the last days of the series. On Dec. 28th, the 
observations required over 18 minutes, and on the 29th, which day, 
on account of irregularities in the work, has been omitted from the 
tables, they lasted over half an hour; so that the hours of work had to 
be changed, lest the time between the succeeding observations should 
be insufficient for complete recovery from the fatigue. 

As has been said, the subject began to smoke on the evening of the 
25th. It seemed not unlikely that the tobacco might have a stimu- 
lating influence and be the cause of this excessively rapid increase in 
power. Later experiments have shown, however, that tobacco has a 
depressing effect. This subject will be referred to later. 

The research was interrupted by other forms of work for one month. 
A second series of experiments was then made, from March 2nd, to 13th. 
In this series a weight of three kilos was employed. The experiments 
of the last day of series one had shown the advisability of curtailing the 
time occupied by the observations, as was readily done by increasing 
the weight. It had been found that long and continuous work, besides 
causing great general fatigue, was a severe strain upon the finger, 
causing abrasions of the skin, deep tenderness, and an amount of pain 
that might readily complicate the result. This series was undertaken 
to study the influence of tobacco, and the results cannot be directly | 
compared with those obtained from the first series. Suffice it to say, 
that the power continued to increase. 

The third series, in which a weight of three kilos was used, was 
begun on the night of March 17th, and the experiments were made at 
intervals of two hours throughout the day and night for seven days. 
The average amount of work possible at the twelve observations of each 
of these days was, 3°30, 417, 4°14, 3:90, 5°10, 5°88, and 9°99 kilogram- 
metres. This shows that the exercise continued to increase the power, 
and in much the same way as in the first series of experiments. 

From April 8th to 21st experiments were made on five different 
days with a weight of four kilos. 

From April 21st to 25th experiments were made on five different 
days and usually with a weight of five kilos. 

The most work that was done at any observation during the research 
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was at 9.40 p.m. on the 23rd, when a weight of five kilos was lifted, 
280 times to a total height of 502 centimetres,=to 25°10 kilogram- 
metres of work in 4% minutes. Compare this amount, with the work 
of the first observation made in this research, 292 kilogrammetres in 
one half minute. Moreover, we shall see later, when we consider the 
effect of the weight on the amount of work possible, p. 54, that more 
work can be done with two than with five kilos; so that the gain 
of power was even greater than these figures would suggest. 

From this time on during May, June, and July but few days passed 
without one or more tests of the power being made, but the work 
was irregular, and though sufficient to prevent any marked decline, did 
not cause any further increase in power. 


Effect of the exercise of one hand upon the strength of the other. 


It has been supposed from certain facts which have been noticed, 
that the exercise of one side of the body causes an increased activity 
of corresponding organs on the other side. No definite answer can 
be given to this question, because the few tests of the strength of 
the right hand which were made, occurred under varying conditions, and 
so cannot be fairly compared. It can be safely said, however, that the 
exercise of the left hand had only a very slight, if any, influence upon 
the power of the right hand. The strength of the left hand, to judge 
from the amount of work, was increased 13 times as a result of the 
exercise of 23 days. The-average work of the left hand, in the eight tests 
on the first day of the series, Dec. 6th, was 2°04 kilogrammetres. The 
amount of work of which the right hand was capable at the beginning of 
the research is not known, but on May 15th, by which time the left hand 
had become still stronger than at the end of series I., the work of the 
right hand averaged in eight tests, made with a weight the same as 
that first used with the left hand, 3:1 kilogrammetres. Not only is the 
right hand usually stronger than the left, but during the spring the 
subject had strengthened this hand by playing tennis, ete. The fact 
that the right hand was, at the end of the research, half as strong 
again as the left at the beginning of the experiments, can scarcely be 
regarded as evidence that exercise of the left side increased the power 
of the right. On the contrary, the fact that the power of the right 
hand had remained so small would rather lead to the opposite conclu- 
sion. It is worthy of note, however, that in the tests of the power of 
the right hand, described on p. 36, regular and marked diurnal varia- 
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tions of the strength occurred. Such distinct diurnal changes were not 
noticed in the case of the left hand until after many days of exercise. 
Can it be, that, though the muscles of the right arm had not been 
strengthened by the work of the left, the endurance of the central 
nervous apparatus on the right side had been increased? A more 
likely explanation is that the central mechanisms connected with the 
right hand are in daily life used much more frequently than those which 
are associated with the left hand. 


The effect of alterations of atmospheric pressure. 


Daily experience suggests that the weather has considerable influence 
over man’s condition, and, yet, it is very difficult to find any exact 
expression of the relation between meteorological and physiological 
changes. Of the many meteorological conditions which might be 
supposed to influence the power, the writer was able to study only the 
effect of atmospheric pressure, temperature, and humidity. Indeed, in 
the early part of the research, only the influence of the atmospheric 
pressure could be studied, because the work was done in a house heated 
by a furnace, and hence having a dry air, which varied but little in 
temperature. Slight changes in temperature and humidity were not 
found to affect the power. Further, although the strength often seemed 
to vary in the same direction as the atmospheric pressure, many 
exceptions were seen, so many, indeed, that any relation between the 
two began to be doubted. It was not until, through the kindness of 
Mr Martin Green, a continuous record of the barometric changes 
at Green Hill was obtained, that the doubt was cleared up. Green 
Hill is about 2 miles distant from and 150 feet higher than the place 
where the work was done. This difference was so slight, that the 
continuous barometric record could be used without fear. Nevertheless, 
as a safeguard, it was frequently compared with observations taken 
at the place of work. Though no constant relation between the work 
and the absolute atmospheric pressure was found, it was noticed that 
the power often increased when the barometer was rising, and decreased 
when it was falling. This fact is revealed in Chart II., in which the 
variations of the atmospheric pressure are compared with the alterations 
of the strength which occurred during each day. 


The dots on this Chart, which are connected by the continuous line, 


express the percentage of gain or loss of power from the first to the last 
observation of each day. They are placed above the o line, if there was a 
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gain in power, and below, if there was a loss. The dots which are connected 
by the broken lines express the change, in 100ths of an inch, in the height of 
the barometer, from the time of the first to that of the last observation of 
each day, and are placed above or below the o line, according as the ‘atmo- 
spheric pressure increased or decreased. 

The Chart states nothing as to the total work and the absolute height of 
the barometer, and only indicates the change from morning to night. 

Thus, on the 6th, the barometer fell during the period of work Fyoths 
inches, and the power at the last observation was 58 per cent. less 5 at at the 
first observation. On the 7th the barometer rose 4th inches during the 
period covered by the experiments of the day, and the work at the end of the 
day was 34 per cent. less than at the first test of that morning. 


If one studies Chart II. Pl. I., he notices, that, though as a rule the 
power is less at night than in the morning, the difference is not nearly 
as marked in the later, as in the earlier, days of the series, in other 
words, exercise increases the endurance. 

Further, it is noticeable that the curves which represent the dif- 
ference in the height of the barometer from morning till night, and 
the difference in the amount of power from the first to the last 
observation of each day, have a surprising similarity. The correspond- 
ence, which is one in direction rather than quantity, is to be found in all 
but three of the twenty-three days, 11th, 13th, and 22nd. 

If one compares the successive days, he finds that, with these three 
exceptions, on each day that the barometer has either risen during the 
day, or has fallen less than on the preceding day, the power has either 
increased during the day, or decreased less than on the preceding day ; 
while on those days in which the barometer fell more than on the 
preceding day, the power, also, declined more. Thus, the power either 
increased, or decreased less on the day than on the preceding day, 
on the 7th, 9th, 12th, 14th, 15th, 18th, 19th, 24th, 25th, 27th, and 28th, 
and on these days the barometer either rose, or declined less than on 
the preceding day; while on the 8th, 10th, 16th, 17th, 20th, 21st, 23rd, 
and 26th, the power declined more during the day than it did on the 
preceding day, and the barometer did the same. 

A study of the three exceptional days, explains why the correspond- 
ence between the two curves is not closer. The curves of the variation 
of power, and of atmospheric pressure, during each day, as stated in the 
Chart, show simply the difference between the first and last observations 


of each day, and state nothing as to which observation is chietly ~ 
responsible for the result, and nothing with regard to intermediate 
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changes. The barometer sometimes rises or falls regularly throughout 
the day, but not infrequently it changes the direction of its variations 
more than once. Any such change probably affects the strength at the 
time. For instance, on the 11th, one of the exceptional days, the 
barometer was rising sharply at the time of the first observation, but 
falling at the time of the last observation. Asa result, the strength was 
great in the morning and small at night. The record of the day in the 
Chart, therefore, showed a great loss of power though the barometer 
curve showed a slight rise in pressure. Similarly, on the 13th the 
barometer was rising until almost noon, then fell slightly till 4, then 
rose gradually till about 10 p.m., when it began to fall. The first ob- 
servation was affected by the rise and the last by the fall, and the loss 
in power during the day was great in spite of the fact that the change 
in the barometer showed on the whole a gain. The same was true on 
the 22nd. 

The records of these exceptional days gave an additional proof of 
the influence of a change in the height of the barometer on the strength 
of the voluntary muscular contractions, and show that the power 
responds readily to such variations. 

As has been stated, the rest which is experienced during the night 
increases the power. Only two exceptions were noticed in the case 
of 22 nights examined. During both of these nights the barometer was 
rapidly falling. 

Of course one does not always find a correspondence between the 
amount of power and the barometric changes, bebause other factors help 
to determine the result. Excessive fatigue, or the smoking of a cigar, 
or hunger, may, by their antagonistic influence, overcome the strength- 
ening effect of a rising barometer; the increased endurance produced by 
exercise, a meal, or a glass of wine, may counteract the weakening 
effects of a falling barometer; influences which affect the general 
condition of the subject, or those which act upon the special mechanisms 
engaged in the work, may any or all act to alter the result. It is in 
vain that one seeks for a definite expression of the relative value of 
these influences. Their effectiveness alters with the condition of the 
subject, and this is continually undergoing change. Though they 
cannot be estimated quantitatively, one can by careful study arrive 
at judgments which are sufficiently accurate to enable him fairly to 
interpret the effect of the various influences which determine the 
strength at any given time. Suppose, for example, one seeks to 
estimate the influences, which determined the amount of recovery 
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of strength which results from the rest, of each of a series of nights. 
He can make out a chart, like the one before the writer, in which 
is given a curve of the percentage of gain or loss of power from night to 
morning, on each of the nights of the series ; another stating the change 
in the height of the barometer from night to morning; and, that the 
amount of fatigue to be compensated for by the night’s rest may be 
appreciated, still another, which shows the percentage of gain or loss of 
power during the preceding day. In addition to these data, he must 
bear in mind the probable rate of increase of the strength produced by 
the exercise, the general condition of the subject throughout the time, 
the character of the sleep, whether sound and long, and finally, what was 
the direction of the change in the barometer at the time of the last 
observation at night, and the first observation in the morning. With 
these data he is able to account for most of the variations in the 
strength which occur during the night. 

As has been said, as the research advanced, the writer became more 
and more convinced that he was influenced by the changes in the 
height of the barometer, rather than the absolute atmospheric pressure. 
This was to be expected, because there is no evidence that the 
mountaineer has less strength than the sailor, or vice versd. The 
experiments from Dec. 14th—19th, for instance, 2 to the correctness 
of this view. 


Average height of Change in baro- Amount of work 
first to the last 


period of observation. 

Dec. 14 28-923 + 045 22-70 
8 29-175 + 295 31-08 
29·˙387 — 060 25°44 
28-919 — 625 21-08 
28-460 + 165 22-02 
29017 + 435 26°08 


Let us postpone the further consideration of the influence of the 
atmospheric pressure, until we have studied the effect of temperature 
and humidity, and the diurnal variations of the power. 


Effect of heat and humidity. 


From May 6th to June 26th, an observation was taken on each day 
soon after rising and just before breakfast. During this period the 
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barometric variations were slight, and, in general, the effect of changes 
in the atmospheric pressure was subordinated to stronger influences. 
Small variations in temperature were not noticed to have any marked 
effect. Large changes in temperature, however, had a very considerable 
influence. This was seen to be the case, when a series of warm days 
culminated in a hot wave, which was in turn followed by a rapid and 
extensive fall of the thermometer, a difference of over 30° F., = 17 C., 
occurring within twenty-four hours. The depressing effect of the ex- 
treme and continued heat, and the relief which was experienced when 
the cold wave came, was the subject of general comment. The influence 
of these changes upon the writer is to be seen in the following Table, 
and even more graphically in Chart III. Pl. I. 


TABLE 4. 


Atmos. pressu 
stated in inches. 


29°325 stationary 
29°491 rising 
29°459 falling 
29°359 stationary 
29°283 falling 


29°185 rising 
29°300 stationary 
29°197 rising 
29°266__—s,, 
29-346 stationary 
29°218 falling 


The 14th, 15th, and 16th, were the hot days, and 
temperature came on the forenoon of the 17th, but not till after the 
observation had been taken. There can be little doubt that the loss of 
power was due to the extreme heat. The temperature recorded in the 
table was observed at the time of the morning observation; at 2 o’clock 
on the 15th it was 96°F. It is true that the barometer declined from 
the 13th to the 17th, but the fall was not great, and was too gradual to 
account for change in the strength. Further, on the 17th, when the 
power was least, the barometer was rising. | 

The effect of the heat and of the fall of temperature was not 
immediately felt; temperature changes seem to act more slowly than 
barometric variations. Indeed, two or three days of heat were required 
to greatly reduce the strength, and, similarly, two or three cool days 
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\ | | Temp. in | Relative 
Date. | | Power. | degrees 
140 June 12 a. m. 234 72° 77° 
373 | 71° 56° 
„ 223 76°6° 53° 
234 75° 66° 
108 81° 58° 

ii 84 | 71° 

119 | 51° 90° 

219 54° 88° 
„20 259 57794 

| 2 233 68235 
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were necessary for a recovery of the power. Other observations on the 
16th and 18th showed that the subject was somewhat stronger on the 
16th, and weaker on the 18th, than the first observations on these days, 
the ones which appear in the table, would indicate. 

There was considerable moisture in the air on the 17th, the day that 
the power was least. This accords with general experience, whiclr has 
taught us that heat has greater effect upon moist than on dry days. 
The amount of moisture in the air on the cool days, however, seemed to 

have little effect upon the strength, and the great humidity of the 18th, 
Fit, and 20th, did not prevent the recovery of power. Indeed, 

throughout this research, there has seemed to be no definite relation 
between the strength and the relative humidity of the atmosphere. 
Possibly such a relation might be found in August, when the hot moist 
days are so trying. 

The result of these experiments shows that the voluntary power, 
like the knee-jerk, increases when the barometer rises and the 
thermometer falls, and decreases when the barometer falls and the 
thermometer rises. 

As regards the possible influence of magnetic changes, little can 
be said. Diurnal magnetic curves show two maxima and two minima. 
The chief maximum is at 8 am., and the chief minimum at 2 p.m., 
the second maximum is at about 10 p.m., and two hours later there 
is the second minimum, from which the curve rises to the morning 
maximum. 

During this research it was impossible to secure a record of local 
magnetic changes and the curves do not show the effect of the diurnal 
magnetic variations. The writer found in a previous research that 
the knee-jerk is not influenced by magnetic changes. 


Diurnal variations of the power. 


As has been said, it was noticed during the first series of experi- 
ments that the fatigue tended to lessen the strength as the day 
advanced. The power did not decline continuously, however, but the 
fall was temporarily interrupted by each meal. Further, it was noticed 
that the strength was greater from 5.30 to 6.30 p.m., than from 3.30 
to 4.30 p.m. on all but three of the fifteen days on which observations 
were taken at these hours. The difference on the three exceptional 
days was but little in favour of the earlier observation. The relative 


strength at these hours on the different days is to be seen in the 
Table. 
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TABLE 5. 
Work indicated Work indicated Difference in 
Date. in cm. in om. 
8.30 —4.30 p.m. | 5.30-6.30 p.m. | indicated in cm. 
Dec. 6 53 77 + 24 
19 59 88 + 29 
aS. 64 88 + 24 
Pots 55 63 + 8 
4 ae 70 88 +18 
85 83 — 2 
ain 122 120 — 2 
3 196 218 + 22 
» 18 120 131 +11 
3 95 130 + 35 
» 20 204 205 + 1 
3 164 195 + 31 
„ 22 204 199 — 8 
5 233 235 + 2 
„ 24 233 419 + 86 


The results which were obtained from the first series of experiments 
of this research, were reported at the meeting of the American Physio- 
logical Society in Boston, Dec. 30th, 1890. The explanation which the 
writer offered for the unexpected increase in power in the latter part 
of the afternoon, was one which could be accepted only upon much 
stronger evidence than he could at that time give. He pointed out 
a certain correspondence which he had noticed between the curve of 
power and the barometer curve, and he mentioned the fact that the 
barometer undergoes regular diurnal variations, and has, except when 
changed by irregular influences, two maxima, at 10 a.m. and 10 p.m., 
and two minima, at 4a.m. and 4p.m. These regular changes, which 
amount to 25 mm. at the equator, are much less in higher latitudes. 
At Paris, on the 50th parallel, the regular variations are about 0°8 mm. 
At Worcester, Mass., which is situated 42° 16“ 17“ north, 71° 48 13” 
west, the mean regular variations, during the months of Dec. 1890, and 
Jan., Feb., and March, 1891, were about 025 in. = O 523 mm. Though 
the variations in the mean barometer for the different hours were small, 
the two maxima and two minima were found for each of the four 
months studied. The records of a Draper self- recording barometer, 
situated at Green Hill, Worcester, were used for these determinations. 
The following diurnal variations were found 
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1890-91 4 a.m. 10 a.m. 4 p.m. 10 p.m. 


Dec. | 28°910 in. 28-954 in. 28-934 in. 28-955 in. 
Jan. 28895 „ 28-924 „ 28-919 „ 28-927 „ 
Feb. 28-961 „ 28-991 „ 28•953 „ 28-973 ,, 
Mar. 29022 „ | 29-052 „ 29-011 „ 29-029 „ 


Average 28947 in. 28°980in. 28-954 in. 28-971 in. 
Equal to | 735-454 mm. | 736092 mm. | 735-432 mm. | 735-863 mm. 


That there should be any connection between the regular four 
o' clock minimum of the barometer and the small amount of power 
which was observed at that hour, seemed the less likely, because, in 
this part of the world, the irregular barometric changes far exceed 
the regular variations, so that the latter are only to be discovered by 
finding the mean barometric height for a considerable period. On the 
other hand, it was discovered that the strength was influenced by 
changes in the barometric pressure, and this fact gave a certain proba- 
bility to the idea. 

It was suggested by others, that the change in power might be 
in some way associated with the digestion, or the assimilation of food. 
Later experiments have shown, however, that no such change occurs at 
a corresponding period after other meals. 

Another idea was that the decreased activity might be connected 
with the fading light, which begins about this time in the latter days of 
December. The same result was found in March, however, when the sun 
does not set till much later. 

Still another suggestion was that the change in the power might be 
brought into relation to the diurnal variations of the subject’s tempera- 
ture. The records of a few days have shown that the temperature of 
the subject shows no such four o'clock depression and six o'clock rise, 
but, like that of most men, rises pretty regularly from early morning till 
quite late at night. 

Similarly, no correspondence was noticed between the pulse rate 
and the amount of power. It is worthy of note that small amounts 
both of tobacco and alcohol cause a rise in the pulse rate, though the 
former decreases and the latter increases the subject’s power. 

During the second series of experiments, it happened without fail 
on 13 days, that the subject was able to do more work at 2 p.m. and 
6 p.m. than at 4 pm. This same result was noticed, too, on many 
scattered days on which observations were made at these hours. In 
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the early part of the research most of the experiments were made at 
intervals of two hours, and a study of them showed the minimum of 
power to come between 3 and 5 p.m. 


The power was greater at 2.00 p.m. than at 4.00 p.m. on 20 of 20 days 


” „ 2.30 „ „ 1.30 „ „11 „11 „ 
” ” „ 3.00 „ » ON» „ „ „ 
” ” „ 5.30 „ ” 3.30 6 % ae 1 ” 
” ” „ 6.00 „ „ „ „ „ 
„ ” „ 6.30 „ „ „ „ „ „ 
” ” „ 7.00 „ » SO „ „ 2 „ 3.» 


As the research progressed, the subject was more aud more con- 
vinced that his strength was influenced by meteorological conditions, 
and especially by changes in the atmospheric pressure. This result 
increased the likelihood that the minimum of power, so often noticed 
to occur about 4 p.m., was in some way dependent on the minimum 
of barometric pressure which occurs at that hour. Were this suppo- 
sition correct, one ought to find a minimum of power at 4 a.m., and two 
maxima, at 10 am. and 10 p.m. It had been seen from the first, that 
the strength was greater at 10 a.m. than at 4 p.m., but what was the 
relation between 10 p.m. and 4a.m.? To answer this question the 
writer undertook the experiments of the third series. These experi- 
ments were made at intervals of two hours throughout the day and 
night for one week. During the night the subject was regularly 
awakened by an alarm clock, and as he always went to sleep very 
quickly, he lost comparatively little of his night’s rest. The curves 
showed many variations, on account of other influences which affect the 
strength, but the maxima and minima of power at the hours in question 
were unmistakable. The following Table shows the results of the 
experiments of this series. The amount of work done at the different 
hours is stated in cm.,—i.e.—the total height to which the weight was 
lifted at each of the observations. A weight of 3 kilos was used in all 
of these experiments. 


TABLE 6. 
Mer. 2 4 | 6 | 20 us « | | 8 10 
pe | 4 | 
18 115 115 171 | 172 98 | 96 93 80 88 87 139 


19 | 119 104 105 148 175 193 101 117 75 157 172 197 
20 94 82 70 135 168 209 185 180 128 101 133 171 
21 102 140 66 142 188 140 83 104 51 98 „255 154 
22 430 81 81187 181 196 139 96 24469 | 155 222 
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The observations marked with a “ at 8 p.m. on the 2lst, and at 
12 a. m., and 4 p.m. on the 22nd, are abnormally high, on account of 
wine or whiskey having been taken shortly before these observations. 
Likewise, that at 6 p.m, on the 22nd, marked with a +, is abnormally 
low, on account of a cigar which was smoked just before the experi- 
ment, 

Of course, trustworthy averages cannot be found from so few experi- 
ments; but the following correspond in a general way with the result of 
the experiments of the separate days, and may be of interest :— 


Average work at 4 a.m. = 2°61 kilogrammetres 


” ” 10 oe = 5-01 ” 
” ” 4 p-m. = 2-73 ” 
” ” 10 RS 6°63 ” 


The average at 10 am. would have been higher, had not the 
barometer begun to fall rapidly at just about that time, on the 18th. 
The barometer stood at 29-075 in. at 8 a. m., and at 29°040 in. at 10 am. 
The average work at 10 am. for the last four days was 5°52 kilo- 
grammetres. 

The experiments of the 23rd and 24th were made at different hours, 
and so could not be brought into the above Table. The results of these 
observations correspond, however, with those of the first part of the 


week. 
March 23. March 24, 

1.00 a.m. 133 cm. 1,30 a.m. 258 cm. 
800 „ 66 „ 3.30 „ 118 „ 
5.00 „ 100 „ 5.30 „ „ 
700 „ 219 „ 7.30 „ 432 „ 
9.15 „ 290 „ 9.380 „ 449 „ 
1 160 „ 11.50 „ 398 „ 
1.20 p. m. 2.30 p. m. 547 „ 
3.30 „ 195 „ 4.35 „ $15 „ 
5.30 „ „ 6.40 „ 287 „ 
7.30 „ 228 „ 8.20 „ 

9.30 „ 3 10.30 „ 440 „ 


11.30 „ 211 „ 


Of course irregularities are seen in the curve of the day, due to 
temporary influences. Thus, on the 24th, at 2.30 p.m., a large amount 
of work was done, because the effect of the preceding meal was at its 
height, while at 6.40 p.m. less work was done than at 4.35 pm., probably 
because dinner had been delayed, and the subject was tired and hungry. 
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The finding of these diurnal variations of the power is such a 
surprising result, that the critic may be inclined to suggest that the 
subject was prepared to find these changes, and that he perhaps 
unintentionally produced them. It must not be forgotten, however, 
that the 10 am. maximum, the 4 p.m. minimum, and the increase of 
power in the latter part of the day, were noticed before the subject 
was aware of the diurnal variations of the atmospheric pressure. 
Further, these results were no less distinctly found on days when 
the experiments were conducted as a piece of routine work, which 
had largely lost its interest, and when the amount of work done at 
the different trials was quickly forgotten. Moreover, the same facts 
showed themselves when experiments were being made with an en- 
tirely different object; for instance, to ascertain the interval of rest 
necessary to recovery from the fatigue caused by such experiments. 
Thus, it was found that a rest of ten minutes sufficed for recovery if the 
experiments were made before eleven o'clock in the morning, which is 
the time that the strength is increasing, but that this interval was 
insufficient after eleven o clock, when the power was decreasing. At 
such a time, if a series of observations were taken at intervals of ten 
minutes, the curve fell much more rapidly than if the period of rest was 
15 or 20 minutes. These observations were made after the subject had 


become inured to the work. It is doubtful whether so short an interval 


of rest would have sufficed for complete recovery at the beginning of 
the research. 

The same result comes out if we study the effect of the four meals 
which were taken on April 9th. The temporary influence exerted by 
the meal cannot long delay the decline, nor can it hasten the increase 
of strength which is caused by the diurnal alterations of the power. 


Breakfast, April 9. 


Week |... 
the meal | indicated | Difference 


Hour of the 
day. in em. 


125 
126 + 1 
8.22 „ 37 143 +18 Another egg, and cup of 
coffee. 
8.38 „ | 43 „ 154 + 29 

8.56 „ 59 „ 132 + 7 


From this time on the curve of power continued to rise till 11.00 am, 
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Lunch, April 9. 
Hour of the Work bine, 
the meal " Remarks. 
day. in em. in cm. 
| 
1.37 p.m. 95 
1.54 „ 12 min. | 120 +25 Baked beans, bread, one 
cup of tea. . 
176 +81 Continue lunch, finish 
with cake, more tea. 
3.28 „ 44 „ 122 + 27 
3.45 „ 81 


The curve of power fell from this time on, with few interruptions, until 


after 4 p.m., when it began to rise slowly. 


Dinner, April 9. 
Time since 

Hour of the Work Difference 

meal | in em. in em. Remarks. 
6.29 p.m 88 
6.47 „ 4 min. 127 +39 T up. 
7.04 „ ae 122 + 34 CMeken blanquette. 
3 38 „ 131 +43 Pie and cheese. 
738 „ 55 „ 142 + 54 
7.55 „ 162 + 74 


this time on the curve continued to rise until after 10.30 p.m. 


Early Lunch, April 10. 


Time since 

Hour of Work Difference 

day. Ben in em. in cm. Remarks. 
1.07 a.m. 71 
1.24 „ 9 min. 76 + 5 Cheese, biscuit, an 

orange. 

1.41 „ 26 „ 72 + 1 Another orange. 
1.58 „ 43 „ 106 +35 | 
2 60 „ 64 — 2 | 


From this time on the curve continued to fall until 3.30 a.m. 


The work of April 9th illustrates so well a large number of the facta 
which were ascertained in this research, that the records of the experiments 
of this day are given in full in Table 7. This series of experiments lasted 
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32 WARREN P. LOMBARD. 
TABLE 7. 
Experiments of April 9—10. 
Height to 
Number 
Height of which the 
of of Em td the 
tions. centimetres. | 
7.35 a.m. | 29°255 34 126 Bathed and dressed. 
7.50 „ 37 125 Wrote. 
8.05 „ 29.270 40 126 Began to eat 10 min. ago. 
8.22 „ 62 143 Continued breakfast. 
8.38 „ 62 154 Read. Stool. 
8.56 „ 52 132 9 
29-290 77 163 
9.30 „ 77 170 
9.48 „ 99 187 55 
10.06 „ 29·310 81 181 rs 
10.24 „ 85 195 10 
10.42 „ 90 184 Read and talked. 
11.00 „ 29˙320 82 192 „ 
11.18 „ 58 151 ae 
11.36 „ 68 169 1 
11.54 „ 29.320 57 134 1 
12.12 p.m 39 97 Read. Pain in finger during 
work, from chafing. 
12.29 „ 60 131 Read. Protected finger with 
N 
2.46 „ 52 127 Read. No pain in finger. 
1.03 „ 29-320 61 130 sores 
1.20 „ 64 125 
„ 42 95 „ Hungry. 
11.54 „ 49 120 12 min. after he began to eat. 
„ 29-325 77 176 Lunch continued. 
2.28 „ 59 122 Read. 
2.45 „ 39 81 * 
$03 „ 29-325 39 91 
3.20 „ 40 82 10 
3.37 „ 28 68 190 
3.54 „ 27 64 me 
„ 29.325 27 81 1 
29°335 


| 
| 
| 
1 
14 
| 
| 
| 
| 
| 5.54 „ 62 122 Read. 
6.11 „ 29345 55 130 
6.29 „ | 88 | Talked. 


TABLE 7 (continued). 


* Height to 
Height of Number] which the 
Hour of of : Employment d the preceding 
*6.47 p.m. | 29°345 55 127 4 min. after he began to eat. 
7.04 „ 29-350 60 122 Dinner continued. 
1 57 131 Dinner concluded. 
7.38 „ 65 142 papers. 
7.55 „ 29-360 80 162 Wrote. 
8.13 „ 106 187 8 
8.32 „ 83 185 Talked. 
28.51 „ 79 179 13 min. after he began to smoke. 
9.10 „ 29-380 43 109 Smoked. 
9.30 ,, 84 174 15 min. after he ceased to smoke. 
9.48 „ 90 203 Wrote. 
10.08 „ 29400 100 221 Active exercise in house. 
10.26 „ 98 214 
10.44 „ 111 219 we 
11.02 „ 29-405 100 182 
11.20 „ 102 190 4 
11.390 „ 76 132 6 
11.59 „ 29-410 44 96 
12.16 a.m. 48 95 Walked about. 
12.33 „ 45 76 Read. 
12.50 „ 34 80 ne 
5 29-410 35 71 Read. Very sleepy. 
„ 35 76 9 min. after he began to eat. 
1.41 „ 32 72 Con'd to eat. Black d drum. 
1.58 „ 29°410 48 106 Wrote. 
2.15 „ 32 64 Read. 
2.32 „ 25 50 ai 
2.49 „ 29 61 Too sleepy to read. 
3.05 „ 29415 21 41 Intensely sleepy. 
3.23 „ 29 65 Wrote. 
3.39 „ 37 85 Cut leaves. 
3.55 „ 29°415 38 88 | W, Stool. 
4.11 „ 45 98 “Witte and read. 
*##4 30 „ 62 142 8 min. after 15 c.c. whiskey. 
4.47 ,, 65 139 Read. 
5.04 „ 29-425 97 Wrote on curves. 
5.21 „ 44 85 
5.38 „ 57 120 1 
5.55 „ 29-430 77 152 ‘ap 
6.13 „ 89 162 * 
6.81 „ 179 
6.49 „ 111 200 Wrote. 
7.09 „ 29445 100 216 Read. 


of food. 


** Those which follow smoking. 
* Those which follow the taking of whiskey. 


PH. XIII. 


* is placed against the observations which immediately follow the taking 
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twenty-four hours, from 7.35 a. m., April 9th, to 7.09 a. m., April 10th. 
During this time the strength was tested eighty-two times, at intervals of 15 
to 20 minutes. The work was all done with the flexor muscles of the second 
finger of the left hand. The muscles were contracted every two seconds. 
The weight used was four kilos. Each time the weight was raised as high 
as possible, and the work was continued until the power to raise the weight 
was lost. The subject was well, and did the work with comparative ease, 
although, during the latter part of the night, considerable pain was caused by 
the pressure and the chafing of the collar on the finger. This would 
have been much greater had not the finger become considerably calloused 
by the experiments which had gone before. The day was clear, the wind 
was north, and the barometer rising. The exact temperature, and the 
amount of moisture in the air, are not known. The subject was not aware at 
the time that the atmospheric pressure was increasing. The following Table 
states the time at which each observation was taken, the number of contrac- 
tions, and the total height to which the weight was lifted at each test, and 
the way in which the time was spent in the preceding interval of rest. The 
height of the barometer from hour to hour is also stated. 


The results in the Table are more graphically shown by the curve of 
work for this day, recorded in Chart IV. Pl. I. The table and the chart 
illustrate admirably many of the facts which have been brought out 
by this research :—viz., the two maxima of power, at 10-11 a.m. and 
10-11 p.m., and the two minima of power, at 3-4 a. m. and 3-4 p.m. ; the 
temporary increase in power caused by the taking of food ; the depressing 
effect of smoking ; the stimulating influence of small amounts of alcohol; 
the effect of increasing atmospheric pressure to increase the strength, 
and probably the endurance; and finally the slight variations which are 
produced by unknown causes, 


Explanation of Chart IV. The amount of work of which the subject was 
capable at each of the 82 tests of the strength which were made during these 
twenty-four hours, is represented in the chart by a dot, placed beneath 
the hour at which the observation was taken and on a line with the number 
of centimetres corresponding to the height to which the weight was lifted. 
If an observation was made immediately after the taking of food, the dot is 
surrounded by a circle; if it was made just after the subject had been 
smoking, the dot is surrounded by a square; and if it was made just after 
the subject had taken alcohol, the dot is surrounded by rays, The dots are 
connected by lines, the better to direct the eye, and to show the alterations in 
the power during the day. 
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Unquestionably the diurnal changes appeared much more markedly 
in the later days of the research than in the earlier experiments. This 
fact is probably to be attributed to the difference in the fatigue caused 
by the earlier and later experiments. That this difference was great, 
was shown when we considered the effect of exercise. It is to be seen 
also in the following Table, in which the amount of work, which was 
done at four o’clock in the afternoon, is compared with that accomplish- 
ed at ten o'clock in the morning, in all the days of the first series on 
which observations were made at these hours. 


TABLE 8 
„ 

.m. 
Date. indicated in | indi Difierence. 

cm. cm 
Dec. 6 53 60 1 
59 54 
64 53 — 11 
oe 55 68 + 18 
83 + 13 
3 85 53 — 32 
„ 11 125 90 — 32 
iy 196 185 — 11 
| 120 119 — 
11 95 193 + 98 
» 20 204 226 + 22 
21 164 183 + 19 
„ 22 204 192 — jg 
» 28 225 180 — 45 
5 223 245 + 22 
„ 25 | 262 280 + 18 
1 233 378 + 145 
oe 1753 1843 + 90 


Out of eighteen days, eight showed less strength from 10 to 
11.30 p.m. than from 4 to 4.30 p.m. Of these eight days, six fell in the 
first half of the series, and only two such days came among the last 
nine days of the series. That is to say, when exercise had increased 
the endurance, the lessened fatigue permitted the daily variations in 
power to manifest themselves. This observation is of importance, 
because it explains the absence of the evening rise in the early days of 
the work. Further, it shows the necessity of large numbers of experi- 
ments in a research of this nature. 

The regular diurnal changes in atmospheric pressure are very slight, 
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and irregular variations, of such an amount, have no appreciable effect 
on the power. It is hard to explain this apparent contradiction except 
on the ground of habit. It is well known that physiological processes 
which depend on the activity of nerve-cells, if excited at regular 
intervals, and for a considerable time, show rhythmical periods of 
increased and decreased activity. The diurnal variations of the 


voluntary power may, like hunger, sleep etc., occur thus rhythmically, 


because the body has been regularly subjected to influences which 
produce these conditions. 

It is worthy of note that these diurnal variations of the power were 
not confined to one hand. Experiments made on May 15th and 16th, 
showed both hands to be subject to these changes, though the two 
hands fatigued independently, and in different degrees. The work was 
done in exactly the same way with both hands, except that a weight of 
2 kilos was used for the right and a weight of 5 kilos for the left. 
Undoubtedly much more work could have been done by the left hand 
had the smaller weight been used. This fact was illustrated in the 
experiments reported on p.19. Take for example the experiments of 
May 16th :— 


Work of right | Work of left hand 
Time. in kilogrammetres. 
8.00 a. m. 4°44 11-65 
10.15 „ 5-02 12°05 
1.30 p.m. 3-84 9.75 
2.10 „ 3-62 9-95 
* 2-20 ? 
6.15 „ 402 9-75 
8.20 „ 5°20 10°00 
11.00 „ 8-80 10°30 


The fact that the diurnal rhythm showed itself in the work of the 
right hand, almost the first time it was tested, although it did not appear 
with the left, until after long exercise, has been referred to on p. 19. 

The writer has no doubt of the correctness of his observation, that 
his voluntary muscular power undergoes diurnal variations. The 
question arises, however, are these changes due to alterations in the 
activity of the central nervous system or of the muscles? This could 
be answered by comparing the response of the muscles to voluntary and 
electrical stimuli at different parts of the day, provided one could apply 
an electric current of exactly the same strength each time. Many 
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difficulties are encountered in such work, however, and for the present 
the writer must content himself with the fact, that whenever the 
response of the muscle to long series of alternate voluntary and 
electrical stimuli was tested, it was found that the voluntary power was 
lost at a time when the muscle was still capable of contracting well 
if stimulated with electricity. A similar result is obtained if the 
muscle is called into contraction by electrical excitation of its nerve. It 
would seem, therefore, that, in all the experiments of this research, the 
work was limited by central rather than peripheral fatigue, and that 
the diurnal variations are dependent on changes in the central nervous 
mechanisms, rather than on changes in the nerves, nerve-ends or 
muscles. This question was discussed at length early in this paper. 
Whether the activity of the mind undergoes similar diurnal 
variations, is still an open question. The fact that many students can 
do their best work at night is readily explained on this supposition, and 
is important evidence in favour of such an idea. It does not follow, 
however, because the writer and perhaps many others are capable 
of doing good mental work at a time when one would suppose that 
fatigue would interfere with such activity, that the same holds good of 
all men, Habit and individual organisation must in this, as in other 


respects, play an important part. 


Further experiments on the effect of atmospheric pressure. 


The experiments, which have been recounted, led the writer to 
conclude, that though his voluntary power is not affected by the 
existing atmospheric pressure, it is greatly influenced by variations of 
pressure, and the more, the more rapid such changes. Nevertheless, he 
could not forget an apparent contradiction to the rule, decline of 
atmospheric pressure, decline of muscular power. He recalled, that, 
when he ascended a mountain, he experienced a delightful exhilaration 
and a sense of increased power. Two explanations suggested themselves, 
either that some other condition connected with the ascent overcame 
the influence of the decreasing atmospheric pressure, or, that the 
individual, in spite of his impressions, was really weaker, and that the 
hilaration experienced was no criterion of his strength. The latter 
mea might well be correct, because the writer had again and again 
noticed, in the course of this research, that his feelings gave him no 
accurate idea of his endurance and of the amount of work of which he 


was capable, 
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To answer this doubt the following experiments were made. 3 

The writer tested his power at 7am. July 2nd, and then went 
as quickly as he could by rail and carriage to the top of Mt Wachusett, 
which is situated about fifteen miles from Worcester, and is about 
1500 ft.,= about 450 metres, higher than the usual place of observation. 
Thus he experienced, in about three and a half hours, a decline in 
atmospheric pressure of 1:503 inches, about 38 mm., and, as a result of 
this change, a decided loss of power, the amount of work possible being 
reduced 5°75 kilogrammetres. 


Place. Time, Barometer. Amount of work possible. 


Worcester 7.00 a.m. | 29°474in. | 11°60 kilogrammetres. 
Mt Wachusett | 12.00 m. 27°971 „ 5°85 1 
Difference 1.503 in. kilogrammetres. 


There can be little doubt that the change in the strength was due 
to alterations in the atmospheric pressure. The same apparatus was 
employed, and the tests were made in the same way. The change in 
temperature of - 7 F., and in relativé humidity of + 127, was too slight 
to have had any marked influence. No such decline of power, from 
7 to 12 o'clock, was observed on any day on which the experiments 
were made in Worcester. These hours are about equally distant from 
the morning maximum, and there is no great or regular difference 
between the amount of work possible at these times. The subject 


remained on the mountain until noon of the following day. During 


this time there was a gradual recovery of the power. This is well shown 
on Chart V. 


In this Chart, the amount of work which was accomplished at the suc- 
cessive observations is shown by dots, which are placed beneath the hour at 
which the test was made and on a line with corresponding number of kilo- 
grammetres. The dots, which represent the observations which were taken 
at Mt Wachusett, are connected by a broken line, and the dots, which 
represent the observations which were made in Worcester, by a continuous 
line. At the bottom of the Chart is a curve, which shows the amount of 
the atmospheric pressure in inches at the time the tests were made. 


Except for the slight depression at 4p.m., the work possible 
increased continuously, from 5°85 kilogrammetres at 12m. to 11°40 
kilogrammetres at 10 pm. The rise continued on the following 
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morning, and, at 10 a.m., the amount of work was 14°65 kilogrammetres. 
This recovery occurred in spite of the fact that the atmospheric pressure 
continued low, indeed, even fell a trifle, 0:133in.,.=33mm., which 
showed, that it was not the low pressure, but, the decline in pressure 
which was the cause of the decrease in power. 

After the 10am. maximum, the daily decline began, and the 
amount of work, at 1145 am., was 1260 kilogrammetres. The 
strength would have probably continued to lessen until the 4 o'clock 
minimum, had the subject remained on the mountain. He left for 
Worcester, however, at 12 a.m., and arrived at the laboratory in time to 
take an observation at 2.50 p.m. In the three hours which were spent 
on the way, the subject was influenced by an increase of barometric 
pressure of 1434 in., 37 mm. The effect of this change, was to 
increase the work 3°50 kilogrammetres, at a time of day when the 
power is usually lessening. 


Place. Time. Barometer. | Amount of work possible. 


Mt Wachusett 11.45am. 27°829in. 12°60 kilogrammetres. 
Worcester 2.50 p.m. | 29263 „ 16:10 = 


Difference | +1:434in. | + 3-50 kilogrammetres. 

This increase of power did not last. The strength, under the 
influence of the usual tendency to show an afternoon minimum, as well 
as to return to the normal, began to decline, and, at 4.50 p.m., the 
amount of work was 455 kilogrammetres. Then the evening rise 
began, and, at 5.35 p.m., the work was 11.90 kilogrammetres. 

At this time, the subject again set out for the mountain. Four 
hours were spent on the way, and the decline of the atmospheric 
pressure experienced was 1°473in..=37'4mm. The effect of the 
change was seen in the fact that the amount of work possible on the 
mountain, at 10 p.m., the time when the strength should have been at 
its maximum, was 0°25 kilogrammetres less than it was in Worcester 
at 5.35 p.m. 


Place. Time. Barometer. Amount of work possible. 
Worcester 5.35 p.m. | 29°235in. | 11°90 kilogrammetres. 
Mt Wachusett 9.55 „ 27762 „ 11-65 15 

Difference -1473 in. | — 25 kilogrammetres, 
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On the following day, the power gradually increased until 10 am. 
At 4a.m., the amount of work possible was 1035 kilogrammetres, and, 
at 10am., 15°15 kilogrammetres. The maximum being passed, the 
strength began to lessen, and at 11.40 a.m. the amount of work was 
1105 kilogrammetres. 

The decline in power was again interrupted, by the subject 
returning to Worcester. He arrived in time to make an observation at 
3.30 p.m. The rise of the barometer in the three and a half hours was 
1478 in., 376 mm. The effect on the power was to increase the work 
9°65 kilogrammetres. 


Place. Time. | Barometer. | Amount of work possible. 


Mt Wachusett | 11.40 a.m. | 27.654 in. | 11-05 kilogrammetres. 
Worcester 3.30 p.m. 29132 „ 2070 


Difference | +1478 in.  +9°65 kilogrammetres. 


This increase in strength was the more remarkable, as this was the 
time of day when the power is usually lessening. The strength 
continued to be great for several hours, then, after fluctuating, it 
began to decline, and by 10.30 pm., which was about the time of 
the usual evening maximum, the work possible was 15°00 kilogram- 
metres. 

To sum up these results. Twice the subject went from a region of 
higher to one of lower atmospheric pressure. On one of these days the 
amount of work possible was decreased 5°75 kilogramme tres, and, on 
the other, less work was done in the region of low pressure, at the time 
when the power is usually at its maximum, than was accomplished 
in the region of high pressure at the time when the power is usually 
at its minimum. Twice the subject went from a region of lower to one 
of higher atmospheric pressure, and each time the amount of work 
possible was increased, on one day 3°50 kilogrammetres, and on the 
other day 9°65 kilogrammetres. Though the power increased when the 
pressure rose, and decreased when it fell, it did not remain at the 
height to which it was carried by these changes, Thus, on July 2nd, 
the amount of work was reduced by the fall in pressure to 5°85 
kilogrammetres, but recovered during the day, at night being 11°40 
kilogrammetres, and, on the next day, at the time of the morning 
maximum, being 14°65 kilogrammetres. Similarly, the gain of power 
which occurred on the 3rd of July, and on the 4th of July, caused by 
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the increasing pressure, was only temporary. On the fourth, the 
falling off of the strength was the more remarkable, since it occurred at 
the time of day when the power is usually increasing. 

Further, the chart of this series of experiments reveals the effect of 
exercise to increase the power. This influence must be remembered if 
one would understand the curve. 

The results of these experiments corroborate the conclusions which 
were drawn from a study of the influence of the weather, and help 
to substantiate the rule; the atmospheric pressures to which the writer 
is ordinarily subjected, if constant, do not influence his power to do 
voluntary muscular work, but, a rising pressure tends to increase his 
voluntary power, and a falling pressure tends to diminish his voluntary 
power. 


Effect of marked changes in atmospheric pressure. 


It is not the intention of the writer to discuss the observations 
which have been made by others upon the physiological effects of 
marked changes in atmospheric pressure. Most of these observations 
are based upon much larger variations than those which affected the 
writer and refer to alterations in the pulse, respiration, temperature, 
evaporation, absorption of oxygen and excretion of carbon dioxide. An 
attempt to apply these results to the central nervous system would 
simply lead to a discussion of probabilities. Nevertheless a resumé 
of the facts which have been most generally observed may not be out of 
place. For this purpose a short review of Vivenot’s paper, “ Ueber 
den Einfluss des veränderten Luftdruckes ete.” in Virchow’s Archiv, 
1860, is given. 

Vivenot says that Pelletan and Foissac express their belief in 
the correctness of the popular idea and the experience of physicians, 
that man is much influenced by changes in the weather, and attribute 
this influence to alterations in the atmospheric pressure. 

They notice that if the barometer rises, men are happier, and are 
more energetic and expert in all their movements, while if it falls they 
are weak and lazy. Vivenot, too, is impressed with the effect 
produced by alterations in the weather, but attributes the variations to 
the changes of wind, temperature and humidity, which accompany the 
barometric changes. From his own work and the observations of 
others he finds that a decline in atmospheric pressure is accompanied 
by, viz. :— 
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1. Increased evaporation from the skin and lungs, and a consequent 
decrease in heat. 

2. Increased oxidation, which is set up to compensate for the 
cooling of the body. 

3. Increased respiration and circulation, to supply the needed 
oxygen. 

4. A rush of blood to the surface, due to lessened external 
pressure. 

5. A lessened pressure between joint surfaces, which he thinks 
accounts for the fatigue which comes on so quickly in high regions. 

6. A lessened excretion from the kidneys, which results from the 
increased evaporation. 

A rise of atmospheric pressure causes the opposite results, viz :— 
evaporation, oxidation, respiration, and circulation are decreased; the 
blood is driven from the surface; there is increased muscular vigour ; 
and there is an increased excretion from the kidneys. 

The rise in pressure, which Vivenot studied, was an increase of 3 
above the mean, which he places at 758mm.=29842in. His 
conclusions concerning the effects of low pressure are based on the 
statements of those who have ascended high mountains, Saussure, 
v. Humboldt and Baussingault, or gone to great heights in balloons. 
In other words, he studied the effect of marked changes, and supposed 
lesser changes to act in the same way, though to a less degree. He 
refers to the fact that some people live at great heights, in the 
Himalaya and Andes, as showing that the body can accommodate itself 
to very low pressures, 

He says that on the continent of Europe, if the wind suddenly 
changes from S. W. to N.E., the temperature falls and the air becomes 
dry. It is these changes in temperature and humidity which he 
considers the cause of the increased vigour which men feel and not the 
accompanying rise of the barometer. The depressing effect of a falling 
barometer which comes with a S.W. wind, and increasing heat and 
humidity he attributes likewise to these latter influences. 

Vivenot concludes with Richerand’, Die Veränderungen in der 
Schwere der Luft, welche das Barometer anzeigt, sind fiir den Physio- 
logen und selbst für den Arzt von sehr wenig Bedeutung. Wäre es 
denkbar dass bei gleich bleibender Temperatur, gleich bleibender 
Luftströmung und unveränderten Feuchtigkeitsgehalte der Luft eine 
derartige Veränderung im Luftdrucke, wie dieselbe den täglichen 

1 Nouveaux éléments de physiologie, XI. p. 4. 10th ed. 
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und jahrlichen Barometerschwankungen entspricht, stattfinde, so wiirde 
deren Einwirkung auf den menschlichen Organismus, um nicht zu 
sagen gar klein, doch jedenfalls eine der Art subtile sein, dass sie selbst 
von den empfindlichsten Personen weder subjectiv gefiihlt, noch viel 
weniger objectiv nachgewiesen werden wiirde.” 

Vivenot’s paper is an interesting one, but the writer cannot accept 
his conclusions, since he believes that he found on himself, that when 
he was in an atmosphere, the temperature and humidity of which were 
artificially kept nearly constant, he showed changes in power which 
varied with the alterations in the barometer. There can be little doubt 
but that such changes influence different men very differently, but 
it is none the less important that they should be recognized and 
studied. 


Effect of meteorological conditions on attacks of neuralgic puin. 

A paper of great interest, in connection with the effects of the 
meteorological changes to which man is ordinarily subjected, is that of 
Capt. R. Catlin, U.S.A.’ 

Capt. Catlin finds “a remarkable parallelism between pain and 
pressure curves.” The higher the atmospheric pressure during the year 
the greater the amount of pain experienced. He deduces the law, 
“High temperature, low barometer, favourable for non-product of pain; 
and in addition, minimum barometer undulations favouring diminution 
of pain duration.” The monthly pain and storm curves show an almost 
complete parallelism. The average distance of the storm centre at the 
beginning of the attack, taken from 60 well defined storms, was 680 
miles, Exacerbations have the same relation to showers that pain has 
to storms. Pain may come with a low but rising barometer when there 
is an increasing humidity. Normally pain comes on with a falling, 
perhaps high, barometer, rising temperature and increasing relative 
humidity. | 

With regard to diurnal changes, he found that by far the most pain 
came about 11 a. m., and he connected this with the beginning of the 
daily fall of the barometer, and increasing temperature and humidity 
usual at that time. In general the curve of pain may be said to rise 
from 5 or 6a.m., to 11 am., and then to fall. From 11 p.m. to 6am. 
there was an almost complete absence of pain. Indeed pain rarely 


1 „The Relations of Pain to Weather, studied during eleven years of a case of Traumatic 
Neuralgia.” Trans. of the Coll. of Phys. of Philadelphia, Ser. 3, Vol. vi. p. 411. 
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attacks during sleep, and is not felt for 15 to 20 minutes after waking. 
There was an ebb tide of pain before the regular meals, i.ec., dinner and 
supper, and usually an increase of pain after each meal. 

When the writer had his attention called to this paper, which was 
not till quite late in this research, he sought to bring his results into 
line with those of Capt. Catlin’s pain attacks. The correspondence 
does not seem to be close, however. The power of the one, and the 
amount of pain of the other, were increased by meals, but the falling 
barometer which lessened the writer's power increased Capt. Catlin’s 
suffering. The writer is often as strong at 10 p.m. as at 10 a.m., while 
Catlin suffered little pain at night. A distant storm centre was not 
found to affect the writer, though Catlin found it to have a decided 
influence upon him. Before any conclusions can be safely drawn, many 
more experiments must be made, and the physiology of many individuals 
must be carefully studied. 


Effect of tobacco. 


Smoking was found to have a very depressing effect upon the 
strength of the voluntary muscular contractions. This was seen when 
a light cigar was smoked just before each test of the strength during a 
number of days, and the amount of work possible on these days was 
compared with that done at the same hours on other days, when 
no tobacco was used. A loss of strength was likewise observed when a 
cigar was smoked before one of several observations of a day. The 
result was unexpected to the subject, who, though aware of the 
depressing effects of large doses of tobacco, thought he could do better 
mental work when smoking, and supposed that moderate smoking 
tended to excite rather than depress both mental and muscular activity. 


Indeed he attributed the rise in power seen in the last few days of the 


experiments of series one, to the fact that he had resumed smoking on 
these days. 

The experiments of series three were made expressly to determine 
the effects of smoking upon the voluntary power. The result of these 
experiments is given in the following figures, which state the amount of 
work done on days on which the subject smoked, and on those on which 


tobacco was omitted. | 
March 2 Smoked 15-00 kilogrammetres 


” 3 ” 1 1 3 1 ° ” 
” 4 ” 8:79 ” 
” 5 ” 8-04 ” 5 
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March 6 No tobacco 11°25 kilogrammetres 


15°15 55 
” 8 IL 18°69 ” 
* 9 Smoked 13-71 
„ 10 ” 12°48 ” 
10°29 
„ 12 No tobacco 19-02 2 


The result of these experiments can be better appreciated by a glance at 
Chart VI. The total height to which the weight was lifted, by the sum of 
the contractions of each test of the power, is represented on the Chart by 
a dot, placed beneath the hour at which the work was done and on a line with 
the corresponding number of centimetres. The weight employed was three 
kilos, The straight lines, connecting these points, give the curve of work for 
each day, At the bottom of the Chart is a curve, which shows the height of 
the barometer during the period of work of the successive days. The word 
tobacco, is written over each day on which the subject smoked. 


The effect of the tobacco to lessen the strength is well shown in this 
Chart. The power declined on the 2nd, 3rd and 4th, both because of 
the falling barometer and of the tobacco; and on the 5th the power 
continued small in spite of the rising barometer. The power increased 
steadily on the 6th, 7th and 8th, after the smoking had stopped. As 
the barometer was almost steady, the increase in strength is attributable, 
in part to the return to the normal condition, and in part to the effects 
of exercise. On the 9th, when smoking was resumed, there was a 
considerable fall of the curve of power, though the change in the 
barometer was very slight; on the 10th, though the barometer was 
rising slowly, the strength was greatly lessened; on the 11th, though 
the barometer was high and about stationary, the strength increased but 
little. The tobacco was left off again on the 12th, and, though the 
barometer fell slightly, there was a very marked increase in power. The 
strength fell off rapidly during the day; and, on the following day, 
though the power was great at the first observation, the strength 
declined very markedly, thus following the very large fall of the 
barometer curve. 

To judge from the difference between the amount of work done 
at the first and last observation of each day, one might be inclined 
to think that the effects of fatigue were more marked on days when no 
tobacco was used, than on those on which the subject smoked. This 
conclusion is doubtful, however; the same shaped curve would have 
been seen, had the tobacco had a relatively greater effect to lessen 
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the power in the early than in the latter part of the day, and thus 
reduced the whole curve more nearly to a level. Certainly the tobacco 
lessened the total work of the day. 

The rise of the curve seen at the 2 p.m. observation of each day is 
undoubtedly the effect of the preceding meal. The height of the curve 
at the 10a.m. observation can scarcely be referred to this influence, as 
the breakfast was taken a couple of hours earlier. It was the usual 
hour for the morning maximum to appear. 

The depressing action of tobacco came out no less markedly, 
when a cigar of medium strength was smoked before one, of the 
several, observations of a day. That the drug acts rapidly, and that 
its depressing — passes off with equal quickness, was e 
observed. 

The following illustration is taken from an experiment of May 5th, 
in which a cigar of medium strength was smoked. 

This experiment was made at the time of day when the power 
is ordinarily increasing, in order that the effect of the tobacco might be 
undoubted. The weight employed was 5 kilogrammes, the muscles 
were contracted every two seconds, and the interval of rest between the 
succeeding observations was from 10 to 11 minutes. The baromdeter, 
which changed but little during the time under consideration, stood at 
29-364 in.; the temperature of the room was 68°F, 


TABLE 9. 
Hoar ff day, | Remarks. 
8.30am. |. 99 10°25 
9.05 „ 86 10°40 Began to smoke 5 min. ago. 
9.18 „ 48 600 18 min. after he began. 
9.30 „ 26 | 4-00 30 „ ” ” 
9.40 „ 15 2055 ee 
9.53 „ 3:10 
10.04 „ 
10.15 „ 21 3°75 11 min. after he ceased. 
10.25 „ 20 3°35 21 ,, ” ” 
10.36 „ 40 5°80 32 ” we ” 
10.48 ” 41 6°15 44 ” ” 
11.02 ” 79 4 9-10 58 ” ” ” 
11.16 99 | 99 11°25 72 ” ” ” 
11.30 ,, 109 10°25 
11.44 „ 75 7.80 


The record of these successive observations shows that the effect of 
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one cigar of moderate strength was to lessen the work of which the 
subject was capable, from 10°40 kilogrammetres to 2:10 kilogrammetres, 
the number of times that the weight could be lifted being reduced from 
86 to 12. This occurred, too, at the time of day that the strength 
is usually increasing. The influence of the tobacco was not felt until 


more than five minutes after the subject began to smoke, and it 


increased throughout the hour that the smoking was continued. But 
little nausea was experienced. 

The depressing effect began to pass off very soon after the cigar was 
finished. A considerable recovery occurred within eleven minutes ; but, 
it was not.until about 72 minutes after the cigar had been laid aside, 
that the strength was completely restored. By this time, the part 
of the day was reached when the curve of power usually begins to fall, 
and the following observations showed the usual decline. 


Chart VII. Pl. I. shows graphically the results of this experiment. The 
dots, which represent the work at the successive observations, are placed 


opposite the number of centimetres which the weight was lifted and beneath 


the hour at which the test was made. The figures within the dotted lines 
state, in_minutes, the time after the subject began to smoke. The figures 
outside of these lines show the time after he ceased to smoke. 

Another illustration is to be seen in Chart IV. Pl. I. 

The effect of a cigar, to lessen the voluntary power, comes on, in the case 
of the writer, 5 to 10 minutes after he begins to smoke, and lasts a little over 
an hour after he has ceased to smoke. 


The experiments have revealed only the depressing influence of 
tobacco, the amount of which varies with the strength of the cigar, and 
the length of time and the manner in which it is smoked. Of course 
other influences might oppose or increase the action of the drug. 
Thus a cigar is better borne after than before a meal. It would seem, 
too, that the effects of alcohol and tobacco are antagonistic, at least, 
when taken in small quantities. The writer had for some time felt that 
a cigar had more effect upon him in damp than in dry weather, but was 
prevented by many exceptions from arriving at any conclusion. It is 
probably. true, that when the meteorological conditions are such as 
depress the strength, when the barometer is falling, for instance, this 
effect would be added to the depressing influence of the cigar. On the 
other hand, the effect of the tobacco would be less marked on days 
when the meteorological conditions favoured the strength. 

The writer has stated the reasons for his belief that the first loss of 


8 
— ] 5? 
l 
t 
j 
— 
8 
t | | 
of 


48 


WARREN P. LOMBARD. 


power, which in all these experiments was accepted as the limit of 
endurance, was due to fatigue of certain of the central nervous mechan- 
isms, and that the influences which he found to affect his voluntary 
power acted chiefly upon this central apparatus. The action of tobacco 
is an additional proof of the correctness of this view. 

Fig. 1, Plate II. shows the curve of fatigue of the central nervous 
system and the muscle, when the contractions are called out by alternate, 
voluntary and electrical stimuli. The tracings which were made by the 
muscle in response to electricity have been, for clearness, connected by 
a dotted line; those records not thus connected, were made by the 
voluntary contractions. The method of the experiment is described on 
p. 8. Immediately after this experiment the subject began to smoke 
a cigar of medium strength, and, when the cigar was finished, another 
trial of the power was made. The electrodes had been kept on the 
arm, and the strength of the primary current was the same. The result 
of this experiment is recorded in Fig. 2, Plate II. One sees that the 
tobacco had little or no effect on the response of the muscle to the 
electricity, but that the voluntary power began to fail very much 
sooner than it did before the cigar was smoked. This difference is very 
evident when we calculate the amount of work which was done by the 
33 voluntary contractions, and by the 33 alternate contractions called 
out by the electrical stimulus, in the experiments made before, and 
after smoking. 


Work done by 33 voluntary Work done by 33 contractions 
contractions. excited by electricity. 
Before | 
} 44-8 kgrm. 8-0 kgrm. 
After ; 
} 24-2 „ 82 „ 


Undoubtedly the effect of tobacco to lessen the voluntary power is 
due to its influence upon the central nervous system. 

Though the voluntary power was lessened by the tobacco, the rate of 
the heart beats was increased, as if the heart were released from the 
vagus control. In the experiment just described, the pulse increased 
during the smoking from 65 to 80; an hour later it was 67; and two 
hours later 57. If the loss of power caused by the tobacco is, as the 
writer believes, due to a change in the central nervous mechanisms, 
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it is not surprising that the inhibitory, vagus centres should be simi- 
larly affected, and, for a time, have less control over the heart. 

No definite statement can be made with regard to the effect of 
tobacco upon mental activity. If the subject be sleepy or tired, the 
cigar seems to act mechanically to keep him awake, by giving his hands 
an employment. Further, the sensory stimuli from the mouth, throat, 
and nose, aid to produce this result. Whether the tobacco has a more 
direct influence upon the mental activity is a question which this 
research does not answer. 


Effect of alcohol on the voluntary power. 


Only a few experiments were made with alcohol, and, in these, only 
small doses were taken. The results, therefore, show only the primary 
stimulating effect of the drug, and tell nothing concerning the supposed 
depressing after effects. The quantities taken had no noticeable in- 
fluence upon the mental condition, but greatly increased the endurance 
of the voluntary muscular power. Take for example the following 
experiments: 


TABLE 10. 
Date. Time, „ Remarks. 
March 21 4.15 p.m 24˙3 
6.05 „ 29°4 
5 8.15 „ 76˙5 Shortly after dinner and one 
glass of claret. 
10.10 „ 46˙2 
March 22 12.05 a.m. 129-0 35 min. after 32 ¢.c. of whis- 
key. 
2.05 „ 24°3 
4.05 „ 24˙3 
6.05 „ 41˙1 
8.05 „ 54°3 
10.00 „ 58°8 An hour after breakfast. 
7 12.00 m. 517 
‘i 2.00 p.m. 28˙8 
1 4.15 „ 73˙2 Lunch and | glass of claret at 
2.20, another at 2.50. 
* 6.15 „ 20˙7 Two cigars fini 20 mins. 
before. 
re 8.15 „ 46°5 Dinner at 6.30. 


7 10.15 „ 66˙0 
PH. XIII. + 
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The taking of whiskey or claret was each time followed by an 
increased power to do voluntary muscular work. The effect of the 
glass of claret taken with the dinner, on the 21st, was to make the 
strength greater at 8.15 than at 10.10, the time of the usual evening 
maximum of the power; the oz. of whiskey at 11.30 p.m. increased the 
power threefold; the claret taken with the lunch, on the 22nd, made 
the strength at 4.15 p.m., the time of the usual afternoon minimum, 
greater than at 10 a. m., or 10p.m., the times that the strength is 
usually most. The strengthening effect began to be felt within a few 
minutes, and lasted in one case an hour and a half. No depressing 
after effect was observed. The small amount of work done at 2.05 and 
4.05 a.m., on the 22nd, is about what other experiments would lead us 
to expect at that hour. The small amount of work done at 6.15 p.m., 
on the 22nd, was caused by the cigars which were smoked just before 
this time. Tobacco and alcohol are — in their action upon 
the voluntary muscular power. 

Another example is given in the account of the experiments of 
April 9th and 10th, pp. 32, 33. In that case 15 c.c. of whiskey sufficed, 
in eight minutes, to so increase the voluntary power, that the subject 
could do 17°6 kgm. more work than he could 19 minutes before. 
Seventeen minutes later, the amount of work was only 12 kgm. 
less, while at the end of seventeen minutes more, the strength had 
declined to what it was before the whiskey was taken. From then on, 
the power gradually rose towards the morning maximum. 

On July 8th, an experiment was made to ascertain which of the 
mechanisms engaged in the work is strengthened by alcohol. In 
this experiment, the muscle was stimulated alternately with voluntary 
and electrical stimuli, as has been described on p. 8. 

First the normal curve of fatigue of the muscle and central nervous 
system was obtained, as is shown in Fig. 3, Plate I. Thirty-two minutes 
later, and nineteen minutes after 32 cc. of whiskey had been taken, the 
power was again tested, and in as nearly as possible the same way. 
Fig. 4, of Plate L gives the record of this experiment. The tracings 
which have been connected by the dotted line were made by the 
muscle when contracting in response to electricity, the rest of the 
tracings were made by the voluntary contractions. On comparing 
Fig. 8 with Fig. 4, one sees, immediately, that the voluntary power was 
greater in the latter experiment, although the muscles responded less 
perfectly to the electrical stimuli. 
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To state the result in figures: 


Work done by Work done by 50 con- 
50 voluntary con- tractions excited by 
tractions. | electricity. 
Before alcohol 270kgm 22:8 kgm. 
After 9 ” 18-4 ” 


This experiment shows that the alcohol greatly increased the power 
to de voluntary muscular work, in spite of the fact that the strength of 
the muscle, as determined by its response to electrical stimuli, was not 
greater. Though the nerves were not studied in this case, the effect of 
the alcohol to increase the endurance, without doubt, can be referred to 
its action on the central nervous system. 

The writer has recounted these few experiments, chiefly, to attract 
attention to the value of this method as a means of arriving at definite 
conclusions concerning the action of this inrportant drug. 


Interval of rest required to restore the power. 


Maggiora’ found an hour and a half necessary to complete 
recovery from the fatigue caused by experiments such as those here 
described. He does not state whether the exercise increased his 
recuperative power, as well as his strength. Towards the end of this 
research, the writer observed that, in his case, an interval of fifteen 
minutes sufficed to rest the mechanisms through which the voluntary 
muscular contractions are accomplished. The experiments of April 
9th—10th, described on pp. 32, 33, showed that the subject was able to 
work throughout 24 hours, with intervals of rest of only 17-20 minutes. 
Whether this short interval would have sufficed at the beginning of the 
research is uncertain. It is probable, that the writer loses his power 
much sooner than many men, and on the other hand recovers it sooner. 
Undoubtedly, men of different organisations vary greatly in this respect. 
As has been said, in the writer's case, the first loss of power is 
dependent on fatigue of the central nervous system, and may occur 
while the muscles are still vigorous. All central nervous processes are 
more rapid than peripheral, and it is not unlikely that the nerve 
centres recover their power sooner -than the muscles. Were this 
the case, the fact that the writer regained his strength so much 
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quicker than did the men upon whom Maggiora experimented, would 
be accounted for. In their case the work was stopped by fatigue of the 
muscles, as well as of the central nervous apparatus, and hence the 
recovery was slow. In the case of the writer the work was stopped by 
fatigue of the central nervous mechanisms, while the muscles were still 
fresh and the recovery was rapid. 

As was stated, when diurnal changes in the power were discussed, 
the interval of rest necessary to the recovery of the power depends on 
the time of day. In the morning, before 10 o'clock, when the power is 
increasing, a rest of less than 10 minutes may suffice to so far restore 
the strength that the work done at each succeeding test will be greater. 
After 11 o’clock, however, when the power is decreasing, the strength 
lessens very rapidly when the rest is only 10 minutes, and recovers for 
a short time if intervals of rest of 15 to 20 minutes are given. Of 
course no period of rest can long delay the fall. But few experiments 
were made on this subject, and the question was not studied with 
reference to the amount of fatigue caused by weights of different 
sizes, and by different rates of contraction. 


The relation of the fatigue of the central nervous motor mechanisms 
to the amount of work done by the corresponding muscles. 


If a muscle be voluntarily contracted at regular intervals, and if 
each time a maximal effort be made, the power to raise the attached 
weight sooner or later begins to lessen, the contractions lose in height, 
and, finally, the subject strives in vain to stir the weight. As has been 
shown, in the case of the writer, this failure to raise the weight is due, 
neither to decrease in the will power as a whole, nor to lessened 
strength and irritability of the nerves, nerve-ends, or muscle, but to 
fatigue of certain of the central nervous mechanisms, upon the activity 
of which the power to develop or transmit the voluntary impulse 
depends. Though it is probable, that most of the links in the chain of 
apparatuses which take part in the voluntary act were somewhat 
fatigued by their activity, in the experiments here reported, the limit 
of the work was determined by the endurance of the central nervous 
apparatus, and the fatigue of the peripheral organs scemed to have 
little influence upon the result. The apportionment of the fatigue 
which is caused by voluntary work, between the central and peripheral 
apparatuses, will be one of the interesting tasks for future observers. 

We have considered many of the influences which affect the 
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endurance of the central nervous mechanisms, and have used the 
amount of physical work accomplished as the test of their power. 
It is now necessary for us to consider, how it is that the amount 
of work done by the muscles, in kilogrammetres, can be taken as a 
measure of central fatigue. The contraction of the muscle, and the 
work which it accomplishes, depend on chemical changes which take 
place in the muscle, and accompanying conversion of potential to active 
energy. The work of Hodge“ makes it most probable that the action 
of the central nervous cells is likewise dependent on chemical changes, 
and the conversion of potential to active energy. The amount of work 
done by a muscle can be taken as an evidence, and almost a measure, of 
the chemical changes going on within the muscle, but how is it that it 
can also be taken as a measure of the chemical changes which occur in 
the central nervous cells, which excite the muscle to contraction? If 
the muscle wearied greatly during the work, we would suppose the 
greater the fatigue of the muscle, the stronger the impulse which must 
be sent to it from the central cells to make it contract. In the 
experiments described, however, the central fatigue came on when the 
nerve and muscle had undergone but a very slight change in irritability 
and strength. Further, the recoveries of the central power, which have 
been referred to, occurred without any corresponding change in the 
peripheral mechanisms, which likewise points to the independence of 
the two phenomena. 

One might imagine, that every time that a central cell sends out a 
nerve impulse, a corresponding chemical change occurs within it, and 
that the fatigue of the cell depends on the number and strength of 
the impulses which it sends out in a given time. This using up of the 
material upon which the development or transmission of the voluntary 
impulses depend, together with, perhaps, the accumulation of the 
produets of decomposition, might well account for the fatigue. Experi- 
ment shows, however, that the fatigue of these cells does not depend on 
the number of impulses which they send out in a given time, at least, 
when the rate of the discharges does not occur oftener than once a 
second, the quickest rate with which the writer experimented. The 
writer has raised a weight of 100 grammes, with the abductor muscles 
of the index finger, at intervals of a second, throughout two hours and 
twenty-five minutes. In so doing he voluntarily stimulated the muscle 


1 American Journal of Psychology, 1. 3, p. 479; u. 3, p. 376; m1. 4, p. 530, and experi- 
ments not yet published, which show the normal fatigue of the day to be associated with 
loss of substance in central ganglion cells. 
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9,700 times, and, yet, when he stopped, the contractions were nearly as 
high as when he began the work, and showed little evidence of fatigue. 
The weight was then increased to 400 grammes, and the work 
continued. At the end of ten minutes the height of the contractions 
had decreased from 54 mm. to 38 mm.; they then began to be irregular 
in height, and, three minutes later, the first failure to raise the weight 
occurred. From this time on, to the end of the experiment, periodic 
recoveries of the power were seen, and the height of the contractions 
varied from 0 to 50mm. Evidently the principal cause of the 
exhaustion of the nerve-cells, was not the number of the stimuli 
which they sent to the muscle. The amount of the weight which the 
muscle lifted, and the consequent work, was a much more important 
factor. 

Take another example. On another day the strength was tested 
four times, the weight in the successive tests being 5, 4, 3 and 2 kilos. 
As the weight decreased, the number of contractions increased, only 
37 contractions being made when the weight was 5 kilos, and 385 being 
made when the weight was 2 kilos. In these tests the muscle was 
contracted at intervals of two seconds. A similar result was obtained in 
other trials. The result of these experiments is given in the following 
Table : | | 


TABLE 11. 

No. of con- Work in kilo- 

Time. | Weight. | ‘tractions.. | grammetres. 
5 kilos 37 4°10 
135 8.20 
10°14 
385 21-60 
38 4-40 
135 13-41 
241 16-08 
48 4:35 
P- m. i 8:96 
1 14°13 
320 20.54 

The increase in the number of contractions and in the amount 


of work accomplished, as the weight decreased, was very great. Further 
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it is noticeable that the number of contractions increased much more 
than did the work. 

The fatigue of the nerve-cells is not to be estimated by the number 
of impulses which they send out. Indeed, if the weight be light, 
unless the impulses succeed each other rapidly, the interval of rest 
between them will suffice for complete restoration of the nervous tissue, 
and no fatigue will be felt. The rate at which the succeeding iHpulses 
are discharged is, therefore, a matter of great importance. This question 
has been carefully studied by Maggiora“, although he regarded the 
fatigue which he observed to be chiefly if not wholly of peripheral 
origin. The writer has also seen in his experiments, that when a 
weight of medium strength is used, the rapidity with which fatigue 
comes on varies with the time which elapses “between the succeeding 
contractions. 

We have seen that, at the rate at which the contractions were made 
in the experiments reported in this paper, a very large number of 
contractions can be made without fatigue manifesting itself, provided 
the weight lifted is light, but that fatigue shows itself quickly, if a 
heavy weight be raised. The greater the weight, the stronger the 
impulse which the nerve-cell would have to send to the muscle to excite 
it to a maximal contraction. It would seem, therefore, that at a given 
rate of contraction, it is the strength more than the number of the 
impulses which are generated or transmitted by the central cells, which 
determines the amount of their fatigue, and, that, when only weak 
impulses are developed, the processes of restoration go on sufficiently 
fast to prevent fatigue. But here one encounters a difficulty. In all 
the experiments, the subject strove each time to make a maximal 
contraction, and to raise the weight to the greatest height possible. 
When the weight was light it is not unlikely that he did not make the. 
same effort as when the weight was heavy. When he worked with 
weights of 3, 4 and 5 kilos, however, especially after the first ten 
contractions, when the height to which it was possible to raise the 
weight had begun to lessen, it seems probable that he made a maximal 
effort each time, or rather, as much of an effort with the weight of 
5 kilos as with 4 or 3 kilos. Nevertheless, the fatigue came on much 
sooner when the weight was 5, than when it was 4 or 3 kilos. One 
cannot help thinking that stronger impulses were sent to the muscle 
when the weight was heavy, than when it was light, in spite of the fact 
that the subject supposed that he was sending the greatest possible 
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stimulus each time. In other words, it is likely that the feeling of the 
subject is a very unreliable test, and that the strength of the impulse 
does not necessarily correspond to the voluntary effort. If, as supposed, 
the voluntary effort starts in cautical cells, and passes down the 
pyramidal tracts to motor centres in the cord, the effect of the voluntary 
effort will depend on the condition of the spinal motor cells when the 
stimulus reaches them. Their ability to reply to the voluntary 
excitation and to transmit the irritation to the motor nerves, may 
depend, not only on the amount of favouring or clogging chemical 
materials which they hold, but on the effect of nervous influences which 
they may receive from other sources, and which may help to determine 
their responsiveness. Is it not possible that such an influence might 
come from the muscle itself? Sensory nerve-fibres have been found in 
the muscle and its tendon, and we are in the habit of speaking of a 
muscle sense, though, as yet, we know almost nothing about it. Such 
sensory impulses might so act upon the motor centres, as to regulate 
the strength of the motor impulses which they send out to the size of 
the weight to be lifted, and, perhaps, to the condition of the muscle 
itself. 

Such a supposition offers a possible explanation of the relation 
which exists between the endurance of the central nervous mechanisms 


and the number of kilogrammetres of work which is done by the 
muscle. 


Summary. 


The experiments of this research were all made upon one man, 
and, therefore, must be regarded as a contribution to individual 


physiology. 


If one voluntarily contracts a muscle, frequently, and each time 
raises a considerable weight with all his force, his power quickly begins 
to lessen, and sooner or later he ceases to be able to stir the weight. 
If, however, he continues to strive to raise the weight, many, more 
or less complete, recoveries of power periodically occur. Throughout 
this research the first failure to raise the weight was accepted as the 
sign of fatigue of the voluntary power, and the action of the influences 
which are here studied must be interpreted in that sense. 

The first loss of power comes somewhat sooner, and the recoveries 
of power are much more complete, in the case of the writer, than that 
of most men whom he has studied. Apparently the central nervous 
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apparatus, through which he sends voluntary impulses to the motor 
nerves, fatigues somewhat more quickly than is usual, and if compelled 
to act rapidly and vigorously, tires sooner than the muscles. Thus 
he becomes incapable of voluntarily contracting his muscles, at a time 
when they will respond well to direct electrical excitation, or to an 
impulse called out by irritation of the nerve. This weakness, if it is 
to be so regarded, is compensated for by great and rapid recuperative 
power, and, therefore, never interferes with his ordinary duties, and is 
noticed only in experiments such as these, or when he attempts to 
exert himself to the utmost for long periods of time, as in a contest in 
running, or a boat race. The exercise involved in this research has 
greatly increased the endurance of the central nervous mechanisms 
employed in these experiments, but has had apparently little effect 
upon other similar structures. 

The amount of fatigue experienced by the central nervous apparatus 
in producing a long series of voluntary contractions, does not correspond 
with the number of times that the muscle is stimulated, at least 
when the rate is not more frequent than once a second. It appears 
to depend, rather, on the strength of the impulses sent out, because the 
total height to which a given weight can be lifted by such a series 
of contractions, is a much more accurate expression of the condition of 
the central mechanisms, than the number of times that the muscle can 
be contracted. Further, the fatigue of this central apparatus does not 
correspond with the amount of conscious effort exerted in the work, for 
very many maximal voluntary contractions can be made without fatigue, 
provided the weight is small. Indeed, it seems as if the strength of the 
impulses which are sent outward to the muscle depended, not only on 
the voluntary effort, but on some influence which passed inward from 
the muscle itself. The subject has often noticed his inability to esti- 
mate the amount of work of which he is capable at a given time. 

The influences, which have been found to affect the voluntary 
power of the subject, are to be looked upon as controlling the activity 
and fatigue of the special central nervous mechanisms, which develop or 
transmit the voluntary impulse to the nerve-fibres that supply the flexor 
muscles of the second finger of the left hand. Enough experiments 
were made with other parts, however, to show that other similar 
mechanisms are influenced in the same way. 

The following influences were observed, viz. :— 

1. Those which lessen the ability to do voluntary muscular work. 

General and local fatigue. 
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Hunger. 

Lessening atmospheric pressure, including the regular and 
irregular variations. 

High temperature, especially if associated with much hu- 
midity. 

Tobacco. 

2. Those which increase the ability to do voluntary muscular work. 
Exercise. 


Rest, and especially sleep. 
Food. 


Increasing atmospheric pressure, including regular and ir- 
regular variations. 
Alcohol. 


Though quantitative results as to the efficiency of these different 
influences cannot be given, something as to their relative effective- 
ness may be stated. Exercise acts in the same direction as sleep 
and food, and is a very potent factor. While the two latter simply 
act to restore the strength, exercise increases the power. Sleep has 
a greater effect than food, and is much more beneficial than waking 
rest, perhaps because the restorative processes then go on unopposed. 
The supplying of nutriment only fulfils one of the requirements for 
the recovery of strength. A rising barometer favours the action of 
exercise, sleep, and food to increase the power, while a falling barometer 
opposes them, and may overcome their influence, and lessen the 
strength. Though the regular diurnal changes in atmospheric pressure 
undoubtedly influence the writer's power, the effect is a delicate 
one, which is readily obscured by more potent influences. Tobacco 
and alcohol act very vigorously. Tobacco may prevent the effect of a 
rising barometer or of food from showing itself, and seems even 
to lessen the strengthening effect of exercise. Alcohol, in small 
amounts, increases the strength markedly, even when the barometer 
is rapidly falling. The effects of tobacco and alcohol, therefore, tend to 
neutralize each other, the action of the one or the other being seen, 
according to the strength of the dose. Both of these influences are 
temporary, and last but an hour or two. These statements refer to 
only small doses of alcohol. It is possible, that, had large quantities of 
alcohol been taken, the primary strengthening influence would have 
been followed by depressing after effects. 
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THE INFLUENCE OF TEMPERATURE AND OF ENDO- 
CARDIAC PRESSURE ON THE HEART, AND PAR- 
TICULARLY ON THE ACTION OF THE VAGUS 
AND CARDIAC SYMPATHETIC NERVES. By G. N. 
STEWART, MA., DSc., M.D., George * Lewes Student. 
Iil.—VL) 


(From the Physiological Laboratory, Cambridge.) 


Section I. THE INFLUENCE OF TEMPERATURE ON THE ACTIVITY 
OF THE CARDIAC NERVES IN THE FROG AND TOAD. 


THROUGH the recent researches of a number of observers, and particu- 
larly of Gaskell’, we have come to look upon the action of the cardiac 
nerves rather as a direct action upon muscular fibres than as a mediate 
action through nerve cells. The state of the heart itself, and particu- 
larly of the muscle of the heart, has come to be considered a great, 
and sometimes a decisive, factor in determining the effect of impulses 
reaching the heart along the cardiac nerves. The action of some of 
the chief cardiac poisons, notably muscarin, is, according to this view, 
essentially an alteration of the muscular fibres, an alteration which 
manifests itself in various ways, among others in the changed relations 
of the cardiac muscle to the cardiac nerves“. 

Now of all the physical conditions which affect physiological activity 
there is none which goes so deep as temperature. The action of heat, 
too, is a simpler action than that of poisons, or at least we seem to 
understand the first steps in it better. It imprints itself on the whole 


flow and movement of the vital processes in characters which are rarely 


quite illegible. The heart of a cold-blooded animal is normally subject 
to wide fluctuations of temperature, so that for a very great range the 


1 “On the Rhythm of the Heart of the Frog and the Action of the Vagus Nerve.” 
Phil. Trans., 1882, m1. p. 998; This Journal, . Nos. 5 and 6; Brit. Med. Journ., 1882, 
p. 572; Proc. Camb. Phil. Soc., Vol. rv. Pt. v; This Journal, Iv. p. 43; &0. 

2 Gaskell, This Journal, rv. loc. cit.; vin. p. 404. 
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conditions are still physiological. Further, by altering the temperature 
it is possible to alter the rate of physiological change in fairly strict 
gradation. And although it is not possible to confine the action to 
any particular constituent of the heart, yet for this very reason we are 
sure that the cardiac muscle is affected. And if, by inference or 
direct experiment, we can exclude the other elements, we may be able 
from the changes produced in the action of the cardiac nerves by change 
of temperature, to learn something of the process by which these nerves 
influence the heart, and to guess at the nature of the physiological 
linkage which binds the nerve fibre to the muscle. In the hope of 
being able to add a little to that common stock of knowledge in which 
the key to the solution of this great problem may some day be found, 
I thought it desirable for the above reasons, among others, to make a 
systematic series of observations on the influence of the vagus and 
sympathetic at temperatures ranging between the extreme limits com- 
patible with the life of the tissues. So far as I am aware, no such 
observations have hitherto been made on the Batrachian sympathetic. 
The influence of temperature on the action of the frog’s vagus has 
been studied to some extent by Luchsinger and J. M. Ludwig and 
others, but chiefly or solely by the method of simple inspection, which, 
of course, can give but imperfect information. 


Section I. A. THE INFLUENCE OF TEMPERATURE ON THE ACTION 
OF THE VAGUS. 


Historical, The general question of the effect of heat on the heart 
is so mixed up with that of the effect of heat on the vagus function 
that it will be well not to separate the literature, although the influence 
of extreme temperatures on the heart itself will be afterwards discussed 
in a separate section. (See Section IV.) 

Schelske’ observed that when the frog’s heart is heated to 
28°—35° C. it beats more quickly, and then stands still; during this 
stimulation of the vagus by the interrupted current causes a tetanic 
condition, while single induction shocks are followed by single con- 
tractions. 

Hoffmann“ tried Schelske’s vagus experiment on the carp, but 
failed to get his result. In the frog in one or two cases stimulation of 


1 Ueber die Verdnderungen der Erregbarkeit durch die Warme, Heidelberg, 1860, 


2 Beitriige zur Anatomie u. Physiologie des N. vagus bei Fischen, 1860; Diss. Giessen, 
1860. 


| 
| 
2 
i 
1h 
— 
itm 
ae 
| 
a 
; 
lil 
| 
i 
* 
44 
i} 

| 
+ 
a 
| 
* 
4 

7 / 


HEART AND TEMPERATURE. 61 


the vagus by induction shocks caused strong pulsations, first of the 
auricle then of the ventricle. The pulsations stopped when the current 
was shut off. 

Cyon’ stated that when the frog’s heart was suddenly raised from 
the normal temperature by serum and air at 40° C. the beats, instead of 
becoming immediately more rapid and smaller, as happened in gradual 
warming, became larger and less frequent. The form of the curve 
registered by the manometer with which the heart was connected was 
quite like that given by stimulation of the vagus at the normal 
temperature. This continued 1 to 2 minutes. If the heart was kept 
longer at the high temperature, it ran through the same changes of 
rhythm as when gradually warmed. Cyon supposed that sudden 
raising of the temperature stimulated some inhibitory mechanism in the 
heart. But in gradual warming he concluded that the retarding factors 
failed before the motor factors. 

Eckhard“ repeated Schelske’s experiment; but could never 
succeed in getting pulsation as a result of stimulation of the vagus, 
unless one of the electrodes was near enough to the heart to make 
escape of current probable. He found that when the heart, on cooling, 
began to beat again, stimulation of the vagus caused diastolic standstill. 

A. B. Meyer’, who gives a good resumé of previous work, failed to 
find any effect of stimulation of the vagus on the heat standstill of the 
frog’s heart, except under conditions which favoured escape of the 
stimulating current or unipolar stimulation. After the heart began to 
beat again, it could not always be brought to a standstill by the vagus. 

Aristow“ investigated, under Dogiel’s guidance, the effect of 
sudden alterations of temperature on the frog’s heart. He stated that 
the heart which by warm water or ice is brought to standstill but can 
again beat if the temperature is altered is in diastole. When the heart 
is brought to standstill but has lost the power of beating under other 
conditions, it is in systole (tetanus). By standstill in systole he evidently 
means heat rigor. He argues that the true diastolic heat standstill 
is not caused by increased activity of the inhibitory apparatus in the 
heart, as Cyon had suggested, because electrical stimulation of the 
heart in this condition causes tetanus. Without having made any 


1 Stichsische Berichte, 1866, pp. 802, 303; Ludwig’s Arbeiten, 1867, p. 118. 
Experimental Physiologie d. Nervensystems, 1865, p. 200; Beitriige 2. Anat. u. 
Physiol. vn. 1873, pp. 3—6. 

Das Hemmung ystem d. Herzens, Berlin, 1869. 
* Archiv f. (Anat, u.) Physiol. 1879, p. 198. 
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experiments on the cardiac nerves, he concludes from his general results 
that the inhibitory apparatus is attacked, as the temperature rises, 
sooner than the motor centres. Aristow’s chief result is that the 
cause of the heat standstill is paralysis of the ganglia, and not inability 
of the muscle to contract. According to him the intracardiac inhibitory 
apparatus also suffers paresis when the temperature is low. The beats 
are then quickened by electrical stimulation of the sinus. 

Cyon had previously stated that stimulation of the sinus in the 
cooled frog’s heart does not cause standstill, but at most lengthening of 
the pause. 

Luchsinger and J. M. Ludwig’ repeated the older experiments 
on the effect of temperature on the vagus. They found that in the frog 


cooling abolishes the action of the vagus even for the strongest stimula- 


tion. They seem to think that this is due merely to the diminished 


conductivity of the nerve fibres. In the warmed heart they not only 


found the vagus effective at the highest temperatures which could at 
all be borne, but its effectiveness even seemed to be increased. They 
explain this as due to a relatively greater increase of excitability of the 
inhibitory than of the motor apparatus of the heart with rise of tempe- 
rature. 

This is all the material I have been able to find in the literature of 
the subject, so far as the Batrachian heart is concerned, except an 
incidental statement by Heidenhain“ that he was never able to 
demonstrate any action of the vagus on the heated heart, and particu- 
larly on the heart in the heat standstill, other than the ordinary 
inhibitory action; and an experiment of Petri’s* in which he shewed 
that the muscarin standstill was removed by heating the heart to 
42°C., but returned again at 17°C. : 

The still scantier results for the vagus in warm-blooded animals 
and in the tortoise will be referred to later on. The most important 
work on the subject in the case of mammals is that of Baxt* on the dog. 
His result for the vagus was negative. He could find no influence of 
temperature on its activity. But his sole test for that activity was a 
change in the rate of the heart. 

The only criticism I have to make on the work of previous observers’ 


1 Phiiger’s Archiv, Ba, xxv. p. 211, 1881. 

2 Phliiger’s Archiv, Bd. XXVII. p. 383. 

* Beitrag zur Lehre von den Hemmungsapparaten des Herzens, Bern, 1880. 

„Ueber die Stellung des Nervus vagus zum Nervus accelerans cordis.” Ludwig's 
Arbeiten, 1875. 
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on the Batrachian heart, and particularly upon the excellent work of 
Luchsinger and Ludwig, is one which can almost always be cheaply 
made, in a rapidly advancing science, by anybody who happens to write 
ten years later than the author who is criticised. As I have said, 
Luchsinger and Ludwig took no graphic record of the contractions, 
but simply observed whether the heart was slowed or standstill pro- 
duced by stimulation of the nerve. 

Since Gaskell’s work on the hearts of the frog and tortoise it is no 
longer possible to be content with an examination so limited. We now 
know that the inbibitory action of the vagus manifests itself in several 
ways, of which complete standstill is one only, and not the most certain. 
The analysis of Gaskell’ has shewn us that the diminution in the force 
of the individual beats, with or without an alteration of rate, is, in the 
frog at least, the most constant and characteristic inhibitory effect of 
vagus stimulation. 

Coats“ and N iiel* before Gaskell, and Heidenhain“ almost simul- 
taneously with him, pointed out this effect. 

Further, the different parts of the heart are not necessarily influenced 
in the same way, or to the same extent by the action of the vagus; and 
there are important effects on the normal sequence of the contractions. 
It is, therefore, impossible to make a satisfactory study of the vagus 
action, unless we can analyse the total effect. 

In my experiments this was done by a modification of Gaskell’s 
method which made it possible to immerse the heart in a dilute saline 
solution, the temperature of which could be raised or lowered at plea- 
sure, 

Method. On the same stand Pl. III. Fig. 1 were arranged two writing 
levers supported by elastic bands in the ordinary way, a holder carrying 
a bent glass rod with a small pulley at its end, and a holder supporting 
a glass vessel consisting of a bottle with its bottom removed and its neck 
closed below by an india-rubber cork, in which were fastened an outflow 
and an overflow tube, the former opening at the level of the upper sur- 
face of the cork, the latter at the level up to which it was intended to 
immerse the heart. The vagus was dissected out on one or both sides 
nearly up to the ganglion, ligatured and cut. The heart was then 
prepared in Gaskell’s fashion, a silk ligature being attached to the 


1 Phil. Trans. 1882, loc. eit. 

2 Stichsische Berichte, 12th Dec. 1869. 

8 Pfliiger’s Archiv, Bd. rx. p. 183. 

* Pfhliiger’s Archiv, Bd. XXVII. p. 383, 1882. 
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very apex of the ventricle, the fraenum divided, the aortae cut across 
close to the bulbus and a tiny portion of the auricle pinched up and 
ligatured. The intestines, liver, lungs, etc. were now removed, care 
being taken in cutting away the liver not to injure the sinus. Then 
the lower jaw was carefully removed, and the whole of the body cut 
away, except the head, part of the esophagus and the tissues connecting 
it with the heart. The head was fixed in a clamp sliding on an ordinary 
stand. The heart was held at the auriculo-ventricular junction in a 
modified Gaskell’s clamp, supported on a separate stand. The handle 
of this clamp had an almost rectangular elbow, so that the jaws of the 
clamp could dip inside the glass vessel. The pulley was also brought 
inside the vessel and below the clamp. The thread from the ventricle 
passed round the pulley, and was attached to the lower lever, that from 
the auricle being attached to the upper. The pulley was kept well 
oiled with fresh olive oil, and there was not much friction. The salt 
solution (6 ‘) was supplied to the vessel containing the heart from a 
reservoir at a higher level; and the temperature desired could be 
reached either gradually or suddenly according to the object of the 
experiment. Generally the successive temperatures marked on the 
tracings were obtained at once by putting in the solution already at the 
temperature required. A thermometer was suspended over the glass 
vessel so that its bulb was just immersed when the solution covered the 
heart. Two pairs of fine electrodes, carefully insulated by paraffin wax 
except at the very point, where a small portion of the upper surface 
of the wires was exposed, were arranged on stands, one at each side of 
the preparation, and connected by a Pohl’s commutator without cross 
wires to a du Bois key, the connection of which with the secondary coil 
of the induction machine was broken by a Morse key in circuit with the 
electro-magnetic marker which recorded the beginning and end of 
stimulation. One or both vagi, one or both sympathetics (for precisely 
the same arrangement was used for the sympathetic), or the vagus on 
one side and the sympathetic on the other were put on the electrodes, 
through either pair of which shocks could be sent. There was, besides, 
the usual time-marker, marking two-second intervals in nearly the 
whole of the tracings, but seconds in a few. 

Instead of using the pulley, I worked in a few experiments with a 
lower lever of such a form that the point of attachment of the 
ventricular thread to it was near the bottom of the glass vessel, so 
that complete immersion of the heart could still be secured. For 
this purpose it was necessary to immerse the axis of rotation of the 


= — 


' 
11 
| 
1 
14 
1 
a 
11 
1 
| 
a 
1 
i 
i 
5 
1 
1 
4 
1 
1 
1 
1 
1 
* 
—— 


* HEART AND TEMPERATURE. 65 


lever, and not merely to make a rectangular bend in its length; and it 
was further necessary in order to get a satisfactory tracing, that the 
writing point should be in the same straight line with the horizontal 
part of the lever inside the glass vessel, Pl. III. Fig. 2. The bent portion 
was of aluminium wire. The weight of the lever was counterpoised. 
This arrangement avoids the friction of the pulley; but I did not find it 
quite so convenient at first as the other method, to which I had become 
accustomed. Accordingly I did not think it worth while to change; 
and most of the tracings have been got with the pulley. 

One other point must be mentioned. In a good many of the 
tracings the drum, the clockwork of which was in bad order, stopped 
altogether, or did not move at the same speed throughout the whole 
tracing. There is on this account sometimes an artificial appearance 
of acceleration, or the reverse, in the beat of the heart. The time trace 
will, however, prevent error. In the last half of the work there was no 
trouble from this cause, as I was able to obtain a good drum. 

A special series of experiments was made, as a control, with the 
heart in situ and intact circulation. Here it was not possible to use the 
clamp; and the heating and cooling were done by passing water 
through a small glass worm in which the heart worked, a thread 
connecting the apex of the ventricle to a writing lever. The friction of 
the heart on the worm was reduced by oiling the latter. A worm was 
also generally used when it was desired to heat or cool only a part of 
the heart. 

It was necessary to avoid complicating the results by any effects 
which alteration of the temperature of the nerve trunk itself might 
have. For, corresponding to the three parts of the physiological series, 
central organ, connecting nerve-fibre, and peripheral organ, the complete 
problem of the influence of temperature on the action of the cardiac 
nerves is a triple one. When the temperature of all three, or even that 
of the nerve trunk and the heart, is altered at once, as has commonly 
happened, especially in experiments on warm-blooded animals, the 
problem is made unnecessarily complex. We know that the excitability 
of a nerve trunk is, within certain limits, at least for stimuli of short 
duration like induction shocks, increased by heat and diminished by 
cold. 

_. Accordingly, when the heart and the vagus trunk are both heated 
or both cooled, it is not allowable, without parley, to attribute any 
change in the effect of stimulation of the nerve to the change of 
temperature of the heart. The sole object of my experiments being to 
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learn how the state of the heart itself affects the action of its nerves, it 
was necessary to shew as a preliminary that the effect of temperature 
on the excitability of the nerve trunk was negligible; or to determine 
its amount and sense if it was not negligible; or to make sure that 
the temperature of the nerve should not be altered at the point of 
stimulation. The last course, as at once the simplest and the least 
liable to error if it could be followed, was the one which I determined 
to try first. The nerves being of fair length, it was possible to place 
the electrodes well above the solution. A small diaphragm was placed 
between this and the electrodes so as to eliminate any effect of radiation 
and convection. To avoid conduction along the nerve, the latter passed 
over a small leaden tube on its way to the electrodes. Water at the 
temperature of the room was kept circulating through the tube, and 
therefore the part of the nerve in contact with it was always approxi- 
mately at the room temperature. The portion of the nerve on the 
electrodes, accordingly, could neither be cooled nor heated by conduc- 
tion from the heart; and the diaphragm protected it from change of 
temperature in other ways. 

Now I tested whether there was any noticeable difference in the 
effect of vagus stimulation, with constant strength of stimulus when 
observations were made successively on the same preparation, immersed 
in solution above or below the temperature of the room, first with the 
above arrangements for preventing change of temperature of the 
stimulated part of the nerve, and then without them, the nerve being 
still kept well above the solution and the electrodes as far away from it 
as possible. . I found no difference which could in any way be connected 
with the temperature of the nerve. After this, the electrodes were 
simply kept well away from the solution; and no further trouble was 
taken on this score. | 

Changes of conductivity in the nerves in the neighbourhood of the 
heart, and a fortiori in the nerves of the auricular septum, are, of 
course, impossible to prevent when the whole heart is heated or cooled. 
The nearest approach to a condition in which the temperature of the 
cardiac muscle is altered, while that of the intracardiac nerves remains 
unchanged, is where the ventricle alone is heated or cooled. We shall 
have to describe such experiments later on. But, interesting as they 
are in other relations, they do not enable us directly to make the 
distinction in question. For it is impossible to release the ventricle 
from the bondage of the auricular lead, and this dependence of 
ventricular upon auricular rhythm complicates the mere effect of 
temperature, 
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The results of experiments on the vagus fall naturally into two 
divisions : 

1. The effect of temperature on the inhibitory action. 

2. The effect of temperature on the augmentor action. 


Long ago Schiff’, Ludwig and Hoffa’, and others noticed that 
stimulation of the vagus in the frog might under certain conditions 
cause an increase in the rate or strength of the heart’s contractions. It 
was afterwards observed by Schiff“, Rutherford‘, Schmiedeberg, 
and others that this was a constant effect in animals poisoned by 
atropia. 

From such circumstances it has long been suspected, and is now 
definitely known, especially through the researches of Heidenhain“, 
and Gaskell', that there are two sets of fibres in the vagus of the frog 
which produce opposite effects upon the heart, the true vagus fibres 
and the sympathetic fibres. When the word “vagus” is used without 
qualification in this paper, it signifies the mixed vago-sympathetic 
nerve. 

It may here be asked why, instead of using the mixed nerve, I have 
not begun by examining the effect of temperature separately on the 
action of the two groups of fibres. To this I have to answer that 
electrical stimulation of the intracranial vagus needs specially large 
frogs, and even with these is by no means easy where the experiments 
are complicated, and where it is not simply a question of adjusting the 
short and fragile vagus roots on well insulated electrodes, but of 
adjusting these and the whole preparation to five or six other pieces of 
apparatus. From the nature of the experiments a great many prepara- 
tions are necessary; and it seemed better to begin by working under 
conditions which, if not theoretically the best, were yet, although 
sufficiently complicated, so much under control as to allow of comfortable 
and fairly rapid work. 

We know besides from the experiments of Bowditch’, and especi- 
ally of Baxt® on the mammal, that the effect of simultaneous stimulation 


1 Archiv f. physiol, Heilkunde, vin. p. 188, 1849. 

® Zeitschrift f. rat. Med. Bd. rx. p. 107, 1850. 

3 Moleschott’s Unters. 1865, p. 58; 1878, p. 189. 

Journal of Anatomy and Physiology, 11. p. 408, 1869. 

Pfhliiger’s Archiv, Bd. xxvu. loc. cit. 

This Journal, v. p. 46, 1884; Proc. Physiol, Soc. June 7, 1884; This Journal, v. 
p. xiii. 

Sachs. Berichte, 1873, pp. 158—179. 8 loc, cit. 
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of the inhibitory and augmentor nerves is not really a mixed effect, in 
the sense that the total effect is at any given moment the algebraic sum 
of two components, but is shewn by a curve in which the vagus effect 
comes first, that of the accelerans being postponed but not permanently 
suppressed nor even altered. In the normal curve of vagus stimulation 
in the frog the two effects are similarly separated in time, so that it is 
not difficult to see how each factor of the curve has been influenced by 
change of temperature. 

It seemed likely that any difficulty in the interpretation of the 
curve of mixed stimulation would be greatly lessened by comparison 
with curves got by stimulation of one of the isolated groups of fibres ; 
and, since there is no special difficulty in working with the sympathetic, 
it was determined to make the sympathetic experiments the next step. 

Finally, it was resolved that when all the information which the 
other methods were capable of yielding had been got, a set of experi- 
ments should be made on the intracranial vagus, in order to settle any 
questions which still remained unanswered and seemed likely to be 
answered in this way. 

These experiments were to begin with chemical stimulation of the 
medulla oblongata and the vagus roots, and to end with electrical 
stimulation. 

The whole of this programme has been carried out except the 
electrical stimulation of the intracranial vagus. — 

In the results now to be detailed the following terms will frequently 
occur; and it will save trouble to define here the sense in which they 
are used. | 

By “inhibition” is meant any state brought about by the action of 
the vagus or by direct stimulation of the heart in which the rate of 
transformation of energy by the heart in its contractions is diminished, 
whether the beat is simply lessened in amplitude or stopped or only 
slowed. 

By “augmentation” is signified any state produced by stimulation 
of the sympathetic or the mixed vagus in which the rate of 
transformation of energy by the heart in its contractions is increased, 
by an increase in the rate or the force of the beats, or by an increase in 
both. This is practically the sense in which Gaskell uses the terms. 

“Medium” or “starting temperature” means the temperature of 
the room, which varied between 11° and 16°C., on different days, but 
did not vary much in the course of an experiment, 
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1. The effect of temperature on the inhibitory action of the vagus. 
(PL IV. Figs. 1—17.) 


(1) The action of the vagus is very much influenced by 
the temperature of the heart, but in general only quantita- 
tively and not qualitatively. For example, if stimulation of the 
vagus at the medium temperature causes, as its primary effect, inhibition 
in the broad sense in which it has been defined above, then, whether 
the temperature be raised or lowered, the primary action of the nerve, 
when its action still persists at all, is inhibitory. If, on the other hand, 
as occasionally happens, the primary action of the fresh nerve is aug- 
mentor at the medium temperature, it is also augmentor at any other 
temperature at which there is any action at all. 

We see here the limit set to the influence which the state of the 
heart itself, so far as it is affected by temperature, can exercise on the 
result of stimulation of its nerves. We shall see immediately that this 
influence is characteristic and profound, within the boundaries which 
are allotted to it. But a change of temperature which causes no 
permanent change in the relation of the heart to its nerves never causes 
a reversal of the primary action of these nerves, By permanent 
change” is here meant a change outlasting the alteration of temperature 
which caused it, but not necessarily an irrevocable change, The reason 
for this qualification will be seen directly. 

We might have supposed a priori that if the state of the muscular 
tissue of the heart is really a factor in determining whether stimulation 
of the vagus shall cause a primary inhibition or a primary augmenta- 
tion, as Gaskell thought at a time when he did not admit the necessity 
of postulating two sets of fibres in the vagus’, such a very great change 
in the molecular activity of the cardiac tissue as is implied in a change 
of temperature from, say, 35°C. to 4°C., might well be sufficient to 
cause such a reversal. 

Remembering how many circumstances can cause the inhibitory 
action of the vagus to fail at the ordinary temperature and give place 
to a primary augmentor action, in spite of the existence of definite 
inhibitory fibres; and remembering also the statements which have 
been made with regard to the influence of temperature on the vaso- 
motor effects caused by stimulation of the peripheral end of a nerve 
like the sciatic containing both constrictor and dilator fibres—that 
stimulation causes vascular contraction if the limb has been warmed, 


1 This Journal, rv. loc. cit. 
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and dilatation if it has been cooled! —I thought it not impossible that 
by raising or lowering the temperature of the heart, either the augmentor 
or the inhibitory action of the mixed nerve might become the primary 
effect. 

This is not the case. The effects of stimulation of the cardiac 
nerves do in a manner, as we shall see, keep pace with the varying 
state of the cardiac muscle as manifested in the beat of the heart. So 
that when the muscle is most facile in its movements, quick in con- 
tracting, prompt in relaxing, it is also most ready to obey the direction 
of its nerves. But this obedience is always true to the fundamental 
type of primary inhibition or primary augmentation, although it always 
clothes itself in a form which expresses the temporary state of the 
tissue. In other words, the fundamental type of the action is not 
determined by the state of the muscle. The “general idea,” so to 
speak, is settled for the muscle by its permanent relations to the cardiac 
nerves, but it is the state of the muscle at any given time which 
determines how the “idea” is to be carried out. 

The influence of temperature, which can affect the beat of the heart 
more than atropia, cannot, like atropia, affect the fundamental type of 
action of the vagus nerve. The strong slow beat of the cooled heart 
has a certain resemblance to the beat of an atropinised heart at the 
ordinary temperature, except that the rate is perhaps slower. But in 
the cooled heart, as will be seen, it is the inhibitory action rather than 
the augmentor which persists. 

A primary inhibitory action of the vagus is occasionally replaced in 
the course of an experiment, during which the heart has been cooled or 
heated, by a primary augmentor action. 

This is a very common occurrence in hot weather, far more common 
in my experience than in winter. It is worth noting that when the 
primary inhibitory action of the vagus is lost in this way, owing to the 
artificial and unphysiological surroundings, the change is by no means 
irrevocable. In some cases it seems to be due to the drying of the 
nerve, which may then recover its original action when it is moistened, 
or to permanent injury to the nerve at the point of stimulation, which 
is obviated by taking a fresh piece of nerve lower down. In other 
cases it is apparently due to changes in the heart itself, for no manipu- 
lation of the nerve can restore the action, although immersion of the 


1 Lépine, Mémoires de Société de Biologie, Mar. 4, 1876; Bernstein, Pfliiger’s Archiv, 
Bd. xv. p. 575. 
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heart in salt solution, at the temperature of the air, may do so. In still 
other cases neither moistening of the nerve nor of the heart suffices, 
and then, after immersion of the heart in salt solution at the ordinary 
temperature has failed, immersion in warm solution may cause the 
nerve to recover its original inhibitory power, and this when the 
greatest care has been taken to prevent the solution from reaching the 
nerve trunk. Heating of the heart without any previous moistening of 
the nerve also sometimes succeeds. And this is why we hedged about 
the definition of the phrase “permanent change” on p. 69. The 
inhibitory power thus regained does not at once disappear when the 
conditions are again altered, and may or may not ultimately disappear 
in the further course of the experiment. When it does disappear it 
may often be again restored by similar treatment. In some cases, 
curiously enough the lost inhibitory power returns, not while the heart 
is actually in the warm solution but after the solution has been removed ; 
and this is not due to a temporary depression of the function of the 
nerve by the high temperature for re-immersion in the warm solution 
may leave the inhibitory power unaltered or may actually increase it. 
Possibly the coincidence of the return of inhibitory power with the 
removal of the warm solution was only accidental in the cases where it 
was observed; and this power might have been restored all the same 
had the solution been allowed to act a little longer. 

The experiment from which Figs. 63 and 64 are taken is an 
instance in which the primary action of the vagus was at first inhibi- 
tory, then became augmentor, and was again made inhibitory. Only 


the last two stages are figured, viz. Fig. 64 (augmentor), and Fig. 63 
(inhibitory). 


The record of another experiment runs thus: Toad. Right vagus and 
left sympathetic prepared. Vagus causes inhibition before heart put on 
clamp. But afterwards only primary augmentation (acceleration and increase 
of force) can be got. Moistened nerve and immersed heart in salt solution 
at temperature of room. Still always get primary augmentation with every 
strength of stimulus. Tried rearranging nerve, but no inhibition can be got. 

Now, without shifting anything, run off solution and put in solution 
at 35°C. Stimulate vagus now and get distinct standstill, which lasts for 
11 seconds and is followed by secondary augmentation. 


The restoration of inhibitory action cannot be due to accidental 
stimulation of the sinus when escape of current is made easier by the 
immersion of the heart, since it outlasts the immersion. It must be 
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due to a physiological change in the heart. The generally greater 
efficacy of a warm solution may be due to the greater facility with 
which interchange takes place between the heart and the solution, or, 
as seems likely, the physiological effect of the high temperature on the 
muscular tissue of the heart or.on some weak link in the nervous chain 
within the heart may be the chief factor. 


(2) The effect of lowering the temperature of the heart on the in- 
hibitory action of the vagus. 

As the temperature of the heart is lowered from the 
medium temperature, the inhibitory activity of the vagus is 
diminished, by whatever criterion that activity is estimated’. 

(a) If a strength of stimulus be chosen which is just sufficient at 
the medium temperature to bring out an inhibitory effect of any kind, 
say complete standstill, then when the temperature is lowered this 
effect will no longer be got unless the stimulus is strengthened. If we 
fix our attention on the chosen effect, we may accordingly say that the 
activity of the vagus is diminished as the heart is cooled. 

(6) If at the medium temperature stimulation of the vagus 


1 How are we to compare the amount of the inhibitory action of the vagus when the 
heart is at different temperatures and, therefore, beating at different rates? This is a 
question which it is not easy to answer offhand even when the form which the inhibitory 
action takes at the temperatures compared is the same. If it is complete standstill, for 
example, we have still to enquire whether the absolute length of the standstill or its length 
in relation to the previous rate and force of the beat is the true criterion. Suppose that at 
5° C. and at 20°C. the heart is beating at the rate respectively of 12 and 36 beats per 
minute and that the force of each beat is the same at both temperatures. Suppose further 
that stimulation of the vagus, with a given strength of stimulus, causes standstill for 
20 seconds in each case. Are we to say that the inhibitory action is equal in amount at 
the two temperatures? Or must we consider what amount of work the heart would have 
done in the 20 seconds had the vagus not been stimulated? At 5°, 4 beats were prevented 
from taking place; at 20°, 12 beats. Three times as much work was prevented at 20° as at 
5°. In one sense, then, the activity of the nerve was three times as great at the higher 
temperature as at the lower. But it is obvious that if the inhibitory action of the vagus is 
not a holding down of the activity of the heart but a diversion of it into a new channel, as 
there are good reasons for believing, we cannot apply this test unless we know that the 
heart, in proportion to the rate at which it was working before the inhibition, strives to 
terminate the standstill. So that it is necessary to take into account the circumstances of 
each particular case in trying to make quantitative comparisons, More than one test must 
be used where that is possible, and yet it must be seen that when comparisons are made 
between the results of different tests the quantities compared are really commensurable. 

I have endeavoured in the following pages to state always the precise nature of the 
comparison where quantitative results are given, although it has seldom been possible or 
profitable to apply numerical measures. 
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causes complete quiescence of the whole heart, then as the 
temperature is diminished, it is possible to obtain with the same 
strength of stimulus only a diminution in the force of the auricular 
beats, accompanied at first perhaps with a diminution in the force of the 
ventricular beats. As the temperature is lowered still further, the 
effect upon the force of the ventricular beats first disappears, and then 
the effect upon the auricle. Ultimately, at a very low temperature 
(0°—2° C.), no effect whatever may be caused by the strongest stimula- 
tion of the vagus, although direct stimulation of the sinus or of the 
auricles may still be followed by distinct inhibitory effects, and especially 
by diminution in the amplitude of the auricular contractions. 

By lowering the temperature it may often be shewn that the 
standstill caused at the ordinary temperature by stimulation of the 
vagus is really “quiescence” in Gaskell’s sense, ie., is due to diminu- 
tion in the force of the auricular beats down to invisibility. 

On the other hand, it will be seen directly that it is possible by 
raising the temperature from the medium to change a case of merely 
diminished contraction force into complete standstill, and so to graduate 
the process that the one can be seen growing out of the other. In this 
way I have often seen a striking verification of Gaskell's statement that 
the most common kind of complete standstill at the ordinary tempera- 
ture in the frog’s heart is that in which the auricular beats become 
invisible without any indication, before or after the standstill, of a 
marked change of rate. 

Since in the cold the power of the vagus to cause complete stand- 
still disappears far more readily than its power to lessen the force of the 
contractions, it requires a lower temperature than has hitherto been 
supposed necessary to abolish the inhibitory action altogether. In fact 
I have sometimes found it impossible at any temperature above O CC. to 
abolish the action; and even with the heart surrounded by ice distinct 
traces of it have not infrequently been seen. 

(c) If the primary effect of vagus stimulation at the start- 
ing temperature, be diminution in the force of the auricular 
beats not amounting to complete quiescence, accompanied with 
diminution or cessation of the ventricular beat, then as the temperature 
is lowered the diminution will become less marked, first in the ventricle, 
then in the auricle; and ultimately no effect will be caused on either. 

(d) If the primary effect of vagus stimulation at the start- 
ing temperature be slowing of the beat without diminution in 
the amplitude, as is occasionally seen, this is also the effect at 
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lower temperatures. So far as I have had the opportunity to 
observe, this type of inhibitory action is not changed into any other 
type however much the temperature may be lowered; but, when the 
temperature reaches a certain limit, all effect of vagus stimulation 
simply disappears. It would be rash to conclude, from the compara- - 
tively few instances which have come under my notice, that this is 
always true. Occasionally I have noticed that at the ordinary tempera- 
ture the vagus may diminish the force of the beat without marked 
alteration of rhythm, while at a very low temperature the only effect 
may be a fairly marked slowing without any diminution of the force. 
This change comes about gradually as the temperature is lowered, the 
effect on the size of the beats progressively diminishing, as it always 
does, while in these occasional cases the slowing rather increases. 

(e) If the ventricle alone is cooled, complete quiescence of the 
heart may be obtained by stimulation of the vagus at a very low 
temperature, when it is obtained at the starting temperature; and 
cooling of the ventricle may in this case not appear to have affected 
the action of the vagus on it, for the ventricle will of course stop when 
the auricle stops. But if the vagus effect at the medium temperature 
is only to diminish the amplitude of the auricular beats, while causing 
a corresponding diminution or complete cessation of the ventricular 
beats, then when the ventricle alone is cooled, it is seen that the vagus 
action on it is affected; for the diminution of the ventricular beat is 
now less with the lower temperature; and ultimately the ventricle may 
not be at all directly affected by vagus stimulation, while the auricular 
beats are diminished as much as at first. An indirect effect on the 
ventricle is, however, often seen. 

Gaskell has shewn that when the auricle is heated, the ventricle 
being at the ordinary temperature, the latter ceases to beat in sequence 
with the former, and responds only to every second or third auricular 
contraction. Stimulation of the vagus causes a partial or complete 
restoration for a time of the normal sequence. This occurs during the 
period of secondary augmentation, and is explained by Gaskell as due 
to an improvement in the conducting power of the muscular tissue of 
the auriculo-ventricular junction’. 

When the ventricle alone is cooled, the same change in the sequence 
occurs. So far as this goes, it is practically Gaskell’s experiment, 
except that his “ordinary” temperature becomes here very low. But 
what I wish to point out is that even when the ventricle is at a low 

1 Phil. Trans, 1882, loc. cit. 
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temperature, stimulation of the vagus may be able to restore the normal 
sequence of ventricular and auricular beat. This may happen when the 
temperature is too low to allow of any primary diminution of the size of 
the ventricular beat; and it occurs after the diminished auricular beats 
have again begun to increase, and therefore properly belongs to the 
stage of secondary augmentation. Now, as we shall see, the sympa- 
thetic augmentor effects generally fail before the inhibitory effects of 
vagus stimulation, when the whole heart is cooled. The action which 
causes restoration of the sequence when the ventricle alone is cooled, 
though manifesting itself during the period of secondary augmentation 
of the auricular beat, must, if it is an action on the cooled ventricular 
tissue, take place at a lower temperature than the action of the sympa- 
thetic or vagus on the force of the ventricular contractions, If we 
suppose that it is only the conductivity of the auriculo-ventricular 
junction which is affected, and not the excitability of the ventricle, by 
the action of the vagus on a heart in which the ventricle alone is at a 
very low temperature, we do not require to make this assumption. 

The ventricle, we must suppose on this view, is able, though cooled, 
to beat regularly with the auricle, if only every auricular contraction is 
able to spread beyond the junction. In other words, although the 
temperature of the auriculo-ventricular junction (the ventricle being 
not entirely immersed in the cold solution) may be presumably higher 
than that of the chief part of the ventricle, the conductivity at the 
junction may be more depressed by cold than the excitability of the 
ventricle. But when the temperature is low, the power of contraction 
of the ventricle is not affected by the action of the cardiac nerves. So 
that when it is brought to follow for a time the auricular lead, its beats 
are markedly smaller than before, to make up for the increased rate. 
This is an instructive contrast to the simultaneous increase of frequency 
and contraction force which is so common a form of augmentation at 
higher temperatures. 

Exactly the opposite effect may be produced on the sequence of the 
beat by stimulation of the vagus when the ventricle, although cooled, is 
still beating with every beat of the auricle. When the temperature of 
the air is not very high and the auricle remains at that temperature, 
the ventricle may be very considerably cooled without ceasing to beat 
regularly with the auricle. In this condition stimulation of the vagus 
(or sympathetic) may cause the ventricle to respond for a time only to 
every second beat of the auricle; and the alteration begins during the 
augmentation of the auricular beat. This would be explained on 
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Gaskell’s view by the failure of impulses, following each other too 
rapidly, to affect the ventricle. The ventricular beats during this 
stage are greatly increased in force. Occasionally, instead of missing 
every second beat of the auricle, the ventricle stops beating altogether 
after stimulation of the nervés, just as Gaskell observed it to do some- 
times when the auricle alone was heated. 

(f) Stimulation of the sinus (Figs. 22—24, and Fig. 25) is 
generally effective in causing inhibition at a lower temperature than 
stimulation of the vagus trunk. There have been well-marked in- 
hibitory effects at the lowest temperatures I have tried. At a tem- 
perature very little above O C., I have seen distinct diminution of the 
amplitude of the beats, but not complete standstill at such a low 
temperature in the clamped heart; and generally diminution only of 
the auricular beats. | 

Stimulation of the auricle (Figs. 19—21) caused similar effects, 
although less marked for the same strength of stimulus, and more 
strictly confined to the auricular curve. 

When in stimulation of the sinus the stimulus was made just strong 
enough to give an appreciable effect at the lowest temperature, this 
effect consisted in slowing of the rate for a beat or two without any 
diminution in amplitude. This slowing was preceded by a premature 
beat due to direct stimulation of the muscle. At temperatures a little 
higher, the same stimulus caused diminution of the force of the auri- 
cular beats. 

I have sometimes seen long continued standstill of the heart in 
situ caused by stimulation of the sinus when the heart was surrounded 
by ice. 

These results will be more fully discussed later on. The only point 
which it is necessary to notice here is Luchsinger’s suggestion that at 
low temperatures the action of the vagus fails because the conductivity 
of the nerve-fibres is depressed by the cold. Now, I think it is 
perfectly evident that if the nerve trunk is cooled to 0°C. or below it, 
between the point of stimulation and the heart, all effect of stimulating 
the vagus must necessarily disappear, whatever temperature the heart 
may be at. To make sure, however, of the precise effect I made a few 
experiments in which a small portion of the nerve between the heart 
and the electrodes was cooled. At a very low temperature, as might be 
expected, it was of no moment whether the heart and the nerve were 
both cooled, or whether the heart alone, or the nerve alone was cooled ; 
the vagus action was equally abolished. But above this point it is 
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cooling of the heart which is important; just as it is evidently the 
heating of the heart, and not of the nerve-fibres between the point of 
stimulation and the heart, which affects the action of the vagus at 
higher temperatures. Further, the fact to be mentioned later on, that 
the action of the sympathetic generally fails at a bigher temperature 
than that of the vagus as the temperature of the heart is reduced, 
makes for the view that it is the state of the essential tissue of the 
heart, and not that of the nerve-fibres inside or outside of it, which 
affects the action of the nerves. Moreover, the inhibition or augmen- 
tation at different temperatures has peculiarities which cannot be 
explained merely on the hypothesis that a weaker or stronger excitation 
reaches the heart along its nerves according as the temperature is 
lower or higher, and which cannot be produced by varying the strength 
of the stimulus while the temperature is kept constant, but which are 
obviously related to the state of the muscular tissue. The fact that 
inhibitory effects are caused by stimulation of the sinus at a lower 
temperature than by stimulation of the vagus nerve may mean that 
the vagus fibres are paralysed by the-cold higher up, or may simply 
mean that stimulation of the sinus is, as at ordinary temperatures, 
more effective as regards inhibition than stimulation of the nerve 
trunk. But if stimulation of the sinus acts through the nerve-fibres, 
these cannot be paralysed at a temperature at which stimulation of the 
vagus trunk has ceased to have any effect. It may be that the nerve- 
cells which Langley supposes to be on the course of the inhibitory 
fibres of the vagus in the heart’ are paralysed by cold sooner than the 
nerve-fibres. Stimulation of the fibres above the cells (stimulation 
of vagus outside the heart) might therefore be without effect, while 
stimulation below the cells (direct stimulation of the heart) might still 
cause inhibition. 


(3) The effect of. increase of the temperature of the heart on the 
inhibitory action of the vagus. 

As the temperature is increased from the medium tempera- 
ture the inhibitory action of the vagus is increased, whatever 
effect be taken as the test of its activity. 

(a) Ifa strength of stimulus be chosen which is just less than that 
needed to cause any of the inhibitory effects of stimulation of the vagus 
at the medium tempesature, these effects will be caused by it when the 
temperature is raised, 

Langley and Dickinson, This Journal, x1. p. 277. 
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Suppose, for example, that at the ordinary temperature complete 
st andstill of the heart can be got by stimulating the vagus. Let the 
stimulus be now gradually reduced in strength until complete standstill 
of the whole heart no longer occurs. If the temperature is now raised, 
complete standstill may be obtained with this strength of stimulus. 

Or, if the strength of stimulus which is just sufficient to cause 
standstill be fixed for different temperatures of the heart, it will be 
found that this strength diminishes as the temperature rises above, 
and increases as the temperature falls below the medium temperature. 
For example, in one experiment the mimimum stimulus, fixed in this 
way, corresponded at 21°C. to a distance between the primary and 
secondary coils of 170 mm.; at 31°C., 176 mm.; at 35°C., 188mm. In 
another experiment, at 31°C., 149 mm.; at 39°C., 160 mm. 

O) If the primary effect at the medium temperature be 
diminution in the amplitude of the auricular beats without 
complete quiescence, or only with quiescence of the ventricle, 
then at a higher temperature complete quiescence of the 
whole heart may be obtained. At the higher temperatures, in 
fact, complete standstill is generally got when the vagus has any 
inhibitory effect at all at the medium temperature; and sometimes 
when there is no inhibitory effect at the ordinary temperature, such an 
effect appears at higher temperatures. This is a rare occurrence. It 
has been seen, as already mentioned, in more or less exhausted prepara- 
tions, in which primary augmentation at the ordinary temperature has 
given place to primary inhibition at higher temperatures. No instance 
has been noticed in which a primary augmentor action of a fresh vagus 
has been changed into an inhibitory action by alteration of the tem- 
perature of the heart. But in two or three cases a vagus without action 
of any kind at the ordinary temperature came to have a certain amount 
of inhibitory action when the temperature was raised. 

Gaskell never found the vagus in the frog without action of some 
kind’. This, of course, refers to the ordinary temperature. I have not 
been so uniformly successful in avoiding preparations in which the 
vagus was totally inactive. Such preparations were not common, and 
no doubt some of them were due to faulty manipulation; but the two 
or three cases mentioned, although undoubtedly a very slender support 
for any dogmatic statement, would seem to shew that this was not 
always the cause. 

(c) At very high temperatures (35°C. and padres the —: is 
Phil. Trans. 1882, loc. cit, 


| 
Ht 
17 
mit 
i 
i 
10 
14 
104 
ai 
i 
At 


HEART AND TEMPERATURE. 79 


Still active; and while the heart is beating, however feebly, it can cause 
standstill, Here the beats are so small that a slight diminution in 
their size causes the lever to trace a straight line. 

(d) Direct stimulation of the sinus, as has been pointed out 
by several observers, causes in the overheated heart not standstill 
but quickening of the beat, or even a more or less complete tetanus. 

Aristow’ is, however, certainly not justified in concluding from this 
that the inhibitory apparatus is attacked sooner, as the temperature 
is raised, than the motor factors. In stimulation of the sinus at least 
two elements are concerned, the direct stimulation of the muscular 
tissue, and the stimulation of the nerve-fibres. As to the nerve-fibres 
we have just seen that their inhibitory power is increased with rise 
of temperature when the stimulated part of the nerve is at the ordinary 
temperature. As the temperature rises up to a pretty high limit, the 
excitability of the nerve-fibres will be increased for stimuli of the kind 
employed ; and this should all the more favour the inhibitory action of 
the fibres stimulated in the sinus. So that if we could stimulate these 
in the sinus without affecting directly its muscular tissue, we ought to 
obtain even deeper inhibition at the high temperature than at the low. 
But the motor excitability is also increased; and the tendency to in- 
hibition may be overborne by the motor activity of the directly excited 
muscle, The relative excitability of the two factors is not the same at 
all temperatures; and it is possible by direct stimulation of the sinus, 
without changing the strength of the stimulus, to range from inhibition 
to augmentation merely by raising the temperature. So that here the 
change of temperature causes a change analogous to that caused by 
atropia, as regards direct stimulation of the sinus. It is not, however, 
an invariable rule that at high temperatures stimulation of the sinus 
no longer causes inhibition. Inhibition may sometimes be got just 
before the heart goes into heat standstill. On the other hand a 
tetaniform contraction, and not simply a quickening of the beat, may 
sometimes be caused. 

Summary. So far we have considered the influence of temperature 
on the primary inhibitory effects of stimulation of the vagus. We have 
found that in whatever way this action is expressed at the medium 
temperature, whether in complete quiescence of the whole heart; or of 
the ventricle alone with diminished amplitude of the auricular beat; or 
in diminution of the force of the beats of both auricle and ventricle, or 
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only of the auricle; or in slowing of the rhythm with or without 
alteration in the force of the beats, the activity of the nerve is in all 
cases reduced as the temperature is lowered, and increased as the 
temperature rises. We have seen, further, that there is a lower limit 
of temperature below which no stimulation of the nerve, however 
strong, has any effect on the beat of the heart, but that this limit 
lies considerably below the temperature at which it becomes impossible 
to obtain standstill, and may sometimes be little, if at all, above O' C.; 
that the paralysis of the inhibitory function of the vagus is not due to 
injury, but passes away when the temperature is again raised; and 
that even when stimulation of the nerve has failed to affect the cooled 
heart, direct stimulation of the sinus can still cause distinct inhibitory 
effects. We have seen that the power of the vagus over the ventricle 
fails first; and when this stage is reached the frog's heart is like the 
heart of the tortoise at the ordinary temperature in this respect, as well 
as in the inconspicuous secondary augmentation following stimulation 
of the vagus, which will be referred to directly. 

On the other hand we have found no higher limit of temperature, 
while the heart continues to beat at all. On the very verge of the 
heat standstill we have seen the vagus active, as well as when the 
standstill is passing away. In a later section we shall try to follow it 
into the standstill itself. | . 


2. The influence of the temperature of the heart on the secondary 
augmentation caused by stimulation of the vagus. (Fig. 18.) 
Since the secondary augmentor action of the vagus in the frog 
is due largely at all events to the sympathetic fibres, this section 
might more logically be placed along with the experiments on the 
sympathetic. It is taken here in order to keep the experiments on the 
vagus all together. 

Anticipating a little the results of the work on the sympathetic, we 
may say that in general the secondary augmentation following 
stimulation of the vagus is affected by temperature in the 
same way as the primary augmentation following stimulation 
of the sympathetic, which is an illustration in the frog of what has 
been found in the mammal, that the augmentor effect at all tempera- 
tures follows its own law independently of the simultaneous stimula- 
tion of inhibitory fibres, although not till the inhibitory action has 
completed its curve. The secondary augmentation is greater at the 
higher than at the lower temperatures especially with respect to 


77 
1 
| 


HEART AND TEMPERATURE. 81 


the increase in the force of the beat. At low temperatures the 
augmentation much more readily takes the form of increase of frequency 
without change of force. 

At moderately high temperatures increase of both force and frequency 
is marked. At still higher temperatures, with a rapidly beating heart, 
the augmentation is prone to shew itself by increase in the force of the 
contraction without any change or with only a slight change in the 
rate. 
There is one interesting point which must be noted. It very 
seldom happens even at the lowest temperatures that a 
secondary augmentation, (naturally under the conditions 
taking the form of a secondary acceleration) cannot be 
seen, if it has been got at the ordinary temperature, so 
long as a distinct primary inhibitory effect is seen at the 
low temperature. A secondary acceleration can apparently be got 
after stimulation of the vagus with a moderately strong stimulus at 
very low temperatures with greater readiness than a primary acceleration 
after stimulation of the sympathetic with a very strong stimulus. In 
other words, a very low temperature, which as we shall see as a rule 
abolishes the action of the sympathetic more readily than the inhibitory 
action of the vagus, also abolishes the primary augmentation caused by 
stimulation of the sympathetic more readily than the secondary 
augmentation caused by stimulation of the mixed vagus. The meaning 
of this is, I suppose, that the true vagus fibres themselves cause a 
certain amount of secondary augmentation as a consequence of the 
inhibition, and that this part of the total augmentation persists 
under conditions of temperature which permit the primary inhibitory 
action to manifest itself, but paralyse the augmentor function of the 
sympathetic. 

Heidenhain, indeed’, generally got only inhibitory effects by 
chemical stimulation of the medulla; and the beats did not usually 
regain their original strength. But Baxt, in the dog, found a certain 
amount of acceleration following the inhibitory effects of stimulation of 
the vagus, which he could not satisfactorily account for as being due to 
separate accelerating fibres. 

Gaskell, too, found secondary augmentation following stimulation 
of the intra-cranial vagus in the frog, the ultimate effect of such 
stimulation being to strengthen the heart. 

In this connection it is of interest that the secondary acceleration 


1 Phliiger’s Archiv, Bd. xxvn., loc. eit. 
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0 following stimulation of the mixed vagus in the frog should apparently 
i persist at lower temperatures than the acceleration caused by the 
1 sympathetic. For it tends to shew a near and complementary relation 
14 between the true secondary augmentation and the preceding inhibition. 
But experiments more specially directed to this point than any of mine 
ie have hitherto been, and, above all, experiments on the effect of 
| 3 temperature on the action of the intra-cranial vagus with electrical 
H | stimulation would be needed, before one could make a definite 
i statement either as to the constancy or the cause of this result. 


| The effect of stimulation of the vagus during the heat standstill 
| of the heart. (Figs. 26 and 27.) : 


When the heart has entered into heat standstill stimulation of the 
vagus can in some cases (particularly where the standstill has been 
obtained at a comparatively low temperature, or has lasted only a short 
time) cause a series of beats. This confirms a statement made by 
Schelske’ long ago, but which has been contradicted by many ob- 
servers“, and explained as due to direct stimulation of the heart by 
escape of current. 

Schelske’s result can no doubt be obtained with great readiness by 
providing for such an escape; and I am quite inclined to agree with 
what has been pointed out by more than one of his critics, that his 
description shews that in many of his experiments there was such an 
escape of current. He found that a tetanic condition or a peristaltic 
contraction, a “ Wogen oder Wiihlen,” was caused by stimulation of the 
| nerve, and stopped when the current was shut off, while single shocks 
| caused single contractions. This is precisely what generally happens 
when the heart is directly stimulated in heat standstill, and what never 
happens when the heart is roused from the standstill by genuine stimu- 
lation of the vagus or sympathetic. In the latter case a tetanus or a 
state of peristaltic contraction is not caused, but a series of regular, 
rapid, and sometimes strong beats, which do not stop as soon as the 
current is shut off, and may not even begin, if the stimulation is short, 
till after the shutting off of the current. Further, single induction 
shocks applied to the vagus or sympathetic have not the slightest 
effect on the heart in heat standstill when the electrodes are properly 
insulated, while single induction shocks applied directly to the over- 
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heated heart are very apt to be answered by single contractions. It is 
quite possible that Schelske never saw the heart roused from standstill 
by genuine stimulation of the vagus, and that it is not quite correct 
to say that my experiments confirm Schelske’s result, It is of no 
consequence whose result it is. The point is that careful stimulation 
of the vagus, or, as we shall see, of the sympathetic, may cause 
the heart which has stopped beating in heat standstill to re- 
sume its contractions for a time. So far as my experience goes, 
this does not happen in more than a small proportion of experiments. 
But as I have usually noticed the phenomenon casually in the course 
of observations made for other purposes, and have only made a small 
number of special experiments, the proportion of cases in which a 
positive result can be obtained may be larger than I suppose’. One 
condition which undoubtedly favours a positive result is that the heat 
standstill should be caused at as low a temperature as possible; and we 
shall see in Section IV. that it is possible by the mode of heating and 
in other ways to lower the temperature of heat standstill. Then again, 
if only part of the heart, e.g. the ventricle alone, is in heat-standstill, 
the conditions are very favourable for its being caused to beat again by 
stimulation of the cardiac nerves. That the resumption of beating is 
not an accidental revival of the activity of the heart, unconnected with 
the action of the nerves, is very easily shewn. The temperature of the 
heart at which standstill takes place must, of course, be maintained 
during the experiment. When this is done, it is the rarest thing in 
the world for the heart to begin beating of itself; and, if it does, it 
only gives one or two beats. When it is roused to activity by the 
stimulation of its nerves, there is a longer or shorter group of beats, 


1 This is the case as I have found by special experiments since the above was written. 
It is by no means difficult to obtain the phenomena in a very large proportion of cases, at 
least in summer weather. I do not wish to imply that it is not equally easy in winter, but 
only that I do not know whether it is as easy. 

The best indication of success seems to be a tendency to marked secondary augmentation 
as a result of stimulation of the vagus or even primary augmentation coming on in the 
course of an experiment. The vigour with which the heart beats after being roused from 
the standstill varies immensely in different cases; and as would be expected, is generally 
less in a second or third observation than in a first. Sometimes, although the heart 
cannot be made to resume beating while it is still immersed in the warm solution, 
stimulation of the vagus causes it to do so after the removal of the solution and while it is 
cooling. Of course it is necessary to distinguish in this case an action due to spontaneous 
recovery of the heart from that due to stimulation of the vagus, the test being that 
the former action goes on indefinitely while the latter gives way again to standstill which 
is finally broken by spontaneous beats, 
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after which the heart relapses into standstill, from which it may be 
again roused by a second stimulation of the nerves, or even by a third 
or a fourth. Ultimately, however, the temperature at which standstill 
was originally caused being of course maintained, stimulation of the 
nerves ceases to have any effect, although direct stimulation of the 
heart still causes it to beat, and although it is capable of beating 
spontaneously when the temperature is reduced. 

The explanation of the effect I take to be as follows. We know 
that the inhibitory fibres of the vagus are active immediately before 
the heart goes into heat standstill, and as soon as the heart begins 
to beat again the vagus can stop it. This visible sign of the activity 
of the nerve cannot of course be seen during the heat standstill. The 
diminution of tone which is so general an accompaniment of vagus 
standstill can hardly be expected in a heart already quiescent, for, 
sometimes at least, in the heat standstill such a diminution can be seen 
to have already taken place. The secondary augmentor effects of vagus 
stimulation are therefore the only mechanical expression of the activity 
of the nerve which we can expect; and these effects are often marked 
at high temperatures just before and just after heat standstill. If, 
then, the augmentor function of the vagus, or of the sympathetic fibres 
in it, is not paralysed at the very moment when the heart stops, we 
ought to be able to rescue the heart from the standstill by stimulating - 
the nerve. 

Now, what are the probabilities? There is nothing in the mere 
fact of standstill which would lead us to expect sudden and complete 
paralysis of the augmentor function. The heart which has been brought 
to standstill by the application of muscarin to the sinus can at first be 
caused to beat again by stimulation of the vagus (Léwit’). Gaskell’ 
has shewn that stimulation of the sympathetic has the same effect on 
the toad’s heart. If the dose is increased, this effect is no longer got. 
When the ventricle of the frog or toad is reduced to standstill by 
tightening the clamp in the auriculo-ventricular groove, stimulation of 
the vagus, or of the sympathetic alone, can cause it to recommence 
beating. If the clamp is made tighter, this action will disappear. In 
other forms of partial or complete standstill of the heart, one of which 
will be described in Section V, the cardiac nerves have a similar effect. 
So that the mere fact that the heart is in standstill does not make it 
impossible nor even improbable that its nerves may be still active. 

1 Pfhliiger’s Archiv, Bd. XXVII. p. 338. 
2 This Journal, vit. 1881, p. 404. 
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We have, therefore, to consider in the next place whether there is any 
peculiarity in the heat standstill which makes it impossible that the 
activity of the cardiac nerves should remain. 

A very high temperature, of course, can not only temporarily but 
permanently paralyse both the heart and its nerves. With such a 
temperature we have nothing to do. The heat standstill, in its only 
legitimate sense, is a temporary condition of the heart, which has 
ceased to beat, but is perfectly able to beat again under changed 
conditions. The necessary change in the conditions may be brought 
about in several ways. Lowering of the temperature is one of them. 
If the temperature is lowered, the heart will begin beating of itself. 
But it is not necessary that the temperature should be lowered. Direct 
stimulation of the heart, the temperature remaining unchanged, will 
cause it to beat for a time, just as direct stimulation can generally 
cause one or more beats in other forms of standstill. Whenever the 
properties of the cardiac tissue on which the rhythmical beat depends 
are sufficiently restored, the heart will beat. But these properties are 
exalted in a great variety of circumstances by stimulation of the mixed 
vagus trunk or of the sympathetic. In the midst of conditions which 
previously hindered the heart or a part of it from beating, the cardiac 
nerves, by producing internal changes in the cardiac tissue, can cause 
the heart to beat. It is very probable that the vagus fibres in the 
heart can be temporarily paralysed by heat; but there is no known 
reason why the temperature at which this may happen should be 
precisely the same as that which suffices to paralyse the rhythmical 
power of the heart. And other conditions which temporarily abolish 
the rhythmical contractions do not at the same moment paralyse the 
cardiac nerves. It is true a continuance or a strengthening of the 
action which has brought about the cessation of rhythm will ultimately 
make it impossible for the nerves to affect the heart. An increase 
in the dose of muscarin or in the pressure of the clamp in Gaskell’s 
experiments will abolish the action of the nerves. And so we must 
expect will the continuance or increase of a high temperature. And, 
indeed, since the latter undoubtedly causes a severe strain upon the 
vitality of the heart, it is to be expected that the injurious limit will 
be very readily overstepped, and that, in a number of hearts heated 
at random up to standstill without any particular care to use the very 
lowest temperature for the very shortest time which will suffice, only a 


small proportion should be able still to respond to stimulation of the 
cardiac nerves. 
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When the heart is roused from the standstill by the vagus or 
sympathetic the beats are sometimes of great size and rapidity. About 
the greatest rate I have ever seen in the frog’s heart has been in some 
of these cases. Thus in one experiment the maximum rate was 2°33 
beats per second and these beats were of considerable force. Some- 
times the beats are feeble though quick. 

It is pretty often seen that when the ventricle alone is in heat 
standstill while the auricles continue beating, stimulation of the vagus, 
which produces its ordinary effects on the auricle, may cause the 
ventricle to resume beating for a time, the contractions beginning when 
the auricular beats are augmented. In Gaskell’s phraseology the 
excitability of the ventricle, or the conductivity of the tissue at the 
auriculo-ventricular junction, which has been reduced by the high 
temperature, is restored by the action of the nerve, notwithstanding 


the continuance of that temperature. 


Section L B. THE INFLUENCE OF THE TEMPERATURE OF THE HEART 
ON THE ACTIVITY OF THE CARDIAC SYMPATHETIC NERVE. (Figs. 
28—41.) 


The sympathetic was prepared in the usual way by isolating it, 
ligaturing it below the second ganglion and dividing it below the 
ligature. Generally stronger stimulation was used than for the vagus. 
In the vagus experiments it was chiefly the inhibitory action which 
was to be studied, and such strong stimulation was not necessary. In 
some experiments the vagus on one side, generally the right, and 
the sympathetic on the other were prepared and placed on the electrodes. 
The effect of temperature on the action of the two nerves was compared 
by stimulating each nerve successively at each temperature. In other 
experiments the same strength of stimulus was used for each nerve 80 
as to compare the effect of temperature on the secondary augmentation 
of the vagus and the primary augmentation of the sympathetic. Some 
of the results of these comparative experiments have necessarily been 
touched upon in the description of the work on the vagus. 

We may say that in general the effect of temperature on the 
action of the sympathetic is even more marked than on the 
inhibitory action of the vagus. The question as to the proper 
quantitative tests for the activity of the cardiac nerves, which we have 
discussed already in the case of the vagus, seems more easily answered 
for the sympathetic. A true measure of its activity certainly seems to 
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be the increase caused in the transformation of energy per unit of time 
by the heart, or, what is all we can at present practically observe in the 
frog’s heart, the increase in the part of the transformed energy which is 
converted into mechanical work. But this comparison will only give 
good results when the heart before and after stimulation of the 
augmentor fibres is still working at a rate considerably below its possible 
maximum. 


(1) The effect of lowering the temperature on the action of the 

When the temperature of the heart is diminished below 
the medium temperature, we may say in a general way that 
the activity of the sympathetic is lessened as regards the 
alteration both in the rate and in the amplitude of the beat. 
This statement must, however, be interpreted and qualified by what 
follows. | 

(a) If a strength of stimulus be chosen which is just sufficient 
to cause an effect of either kind at the medium temperature, this will 
be inefficient when the temperature is lowered. At very low tempera- 
tures, the activity of the sympathetic is abolished even for strong 
stimuli; and this generally happens at a higher temperature for the 
ventricle than for the auricle. 

(6) Of the two alterations which stimulation of the sym- 
pathetic may cause in the beat, increase of rate and increase 
of amplitude, the former is that which is relatively most 
prominent at low temperatures. It very seldom happens that an 
augmentor effect which at the ordinary temperature manifests itself as 
a change of rate without any increase in the size of the beat or with 
the slight decrease in size generally associated in this case with the 
quicker beat, becomes at lower temperatures a change of strength ; 
while the opposite is often seen, that is to say, an augmentor effect 
changing in type from a curve in which increase in the size of the 
beats is the most prominent feature to one in which increase in the 
frequency is alone present. 

Occasionally at the lower temperature the increase in the amplitude 
of the beat is relatively greater than at the medium temperature. But 
it is instructive to note that precisely in these cases the force of the 
beats before stimulation, is smaller at the lower than at the medium 
temperature instead of being as large or larger, as is normally the 
case. This happens when the heart is plainly becoming exhausted ; 
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and the sympathetic action suits itself to the state of the heart, 

chiefly an increase in the amplitude of the beats, when these are 1 
as in the heart at very high temperatures, and chiefly an increase in the 
rate when the beats are large, as in the cooled heart they normally are. 

(c) When the activity of the sympathetic is estimated 
by the alteration which stimulation of it produces in the 
frequency of the beat—say by the ratio of the frequency 
before, to the maximum frequency after stimulation—and a 
curve is drawn of which the ordinates are proportional to 
this ratio and the abscissae to the temperature, this curve 
in general sinks towards the abscissa axis, as the tempera- 
ture is diminished below the ordinary temperature, till it 
reaches a minimum, at which it may remain when the 
temperature is still further diminished, or it may even begin 
to rise again. (Pl. III. Fig. 3, Curve C.) Ultimately, with still falling 
temperature, the curve again bends towards the abscissa axis, until it 
cuts it at the temperature at which the stimulation of the sympathetic 
ceases to produce an alteration in the rate. 

When the activity of the sympathetic is estimated by the increase 
in the amplitude of the beats, its curve is much flatter at temperatures 
below the medium than the one described; and generally cuts the 
abscissa axis at a much higher temperature. 

(d) When the vagus on one side and the sympathetic on 
the other are stimulated alternately as the heart is progres- 
sively cooled, the sympathetic generally becomes ineffective 
at a temperature for which the vagus is still active. (Figs. 
42—45.) 

It is astonishing, however, at what low temperatures the sympathetic 
can still shew a distinct influence. Baxt* found that the power of the 
accelerans in the dog to quicken the beat of the heart was greatly 
lessened even. at 27°—30° C., suggesting that a further reduction of 
temperature would have abolished it altogether. Baxt did not reach 
this limit in any of his experiments; nor do the curves which he gives 
make it likely, so far as I can see, that his lowest. temperature was 
near it. The curve by which he shews the ratio of the excess of the 
accelerated beats to the number of normal beats in a given time rises 
in one case up to 39°—40°C.; then falls during the cooling; then 
gradually rises as the cooling goes on; and ultimately becomes nearly 
horizontal at 27°—28°C. at as high a level as the first maximum. 

i Op. cit. 
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In the frog I have sometimes found considerable acceleration caused 
by the sympathetic at 4°C., and a distinct effect at 3°C. and even at 
15°C. Of course there is a great difference in the hearts of different 
frogs. Naturally we cannot expect anything of this sort in the warm- 
blooded heart. It is precisely in points which involve the temperature 
factor that the warm- and cold-blooded hearts may be expected to differ 
most. At 39°—40°C. the dog’s heart is beating normally. At this 
temperature the frog’s heart is going into heat standstill At 15°— 
20°C. the frog’s heart is at its best; the dog’s heart is probably dead or 
near death. The cold-blooded heart can bear without injury a rise or 
fall of 20°C. Its nerves will retain their activity within a range of 
nearly 40°C. There cannot be a strict comparison between the two. 
Still we may say that in both the general result of diminution of 
temperature is to diminish the activity of the augmentor nerves. But 
while Baxt found that the inhibitory power of the vagus was not 
affected by temperature within his limits, I find that in the frog, 
within my limits, the vagus is affected by cooling in the same sense as 
the sympathetic, but not in general to the same extent. 

But it has sometimes not been possible to say that the sympathetic 
in the frog failed before the vagus. Since, however, the vagus has not 
been found to fail before the sympathetic, unless where the activity of 
the former had been permanently weakened or destroyed; and as, 
moreover, the quantitative results of vagus stimulation at low tempera- 
tures, so far as it is possible to speak of a quantitative comparison of 
inhibitory and augmentor effects, are generally more striking than 
those of stimulation of the sympathetic, I think the general statement 
made above on the differential action of lowered temperature on the 
two nerves is justified. If nerve cells on the course of the inhibitory 
fibres in the heart are really a weak link in the chain, one might at 
first thought expect the vagus action to fail in the cooled heart before 
the sympathetic action. But the whole course of my experiments has 
shewn that the state of the heart itself is probably the most important 
factor. On this view primary augmentation fails before inhibition 
becausc it is less easy for the cooled heart to pass into the state of 
primary augmentation than to pass into the inhibited state. 

I was hopeful at first that the difference might have been great enough 
to allow of the elimination of the sympathetic factor from the result of 
stimulation of the vagus trunk, and that by cooling the heart to a 
moderate extent it might be possible to use the mixed nerve instead of 
the intra-cranial vagus for work on the pure inhibitory fibres. This 
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would have been a considerable advantage; but unfortunately the 
difference is too small. 

We do not know how alteration of the temperature of the nerve 
trunk itself affects the relative excitability and conductivity of the two 
sets of fibres. At the ordinary temperature the inhibitory effects of 
stimulation of the vagus are got with weaker stimuli than are necessary 
to cause marked augmentor effects; and this is sometimes expressed 
by saying that the sympathetic fibres are less excitable than the true 
vagus fibres. We do not know, however, whether there is a difference 
of excitability in the strict sense of the word, or whether the difference 
is in the power of the heart to respond. It is just possible that by 
heating or cooling the nerve alone the activity of the sympathetic 
fibres might be altered relatively to that of the true vagus fibres. Baxt 
took no account of any possible effect of temperature on the accelerans 
and vagus fibres themselves. They were necessarily, with his arrange- 
ment, cooled and heated along with the heart and the whole animal. 


(2) The effect of increasing the temperature of the heart 
on the activity of the sympathetic. 


(a) A stimulus which is just too weak to cause any effect at the 
medium temperature may cause an effect at a higher temperature. 

(6) As the temperature is increased from the medium 
temperature, the activity of the sympathetic, for a given 
strength of stimulus sufficient to cause augmentor effects at 
the ordinary temperature, increases remarkably; and while 
this is true, up to a certain limit, both of the increase in 
the rate and of the increase in the amplitude of the beats, 
the latter becomes relatively more marked the higher the 
temperature. This is true even where at the medium tempera- 
ture the chief or sole effect is increase of the rate. The limit 
of temperature up to which the increased activity of the sympathetic 
is shewn in both ways fluctuates greatly, not only in different hearts 
but in the same heart at different stages of an experiment. In general, 
from the medium temperature up to, say, 18°—25°C. the rate is more 
increased by stimulation of the nerve than at the medium temperature 
itself, notwithstanding that the heart before stimulation is beating 
faster. Above 18°—25°C., and even up to the temperature of stand- 
still, the sympathetic is still able to quicken the beat; but the ratio of 
the frequency after, to that before stimulation is seldom more, and 
generally less than at the medium temperature. 
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It is of course evident that if the frequency of the beat continually 
increases with rise of temperature, which up to a temperature a little 
below that of heat standstill is generally the case, there must be a limit 
to the accelerating power of the sympathetic. In the dog, Baxt's 
curves shew such a limit for the accelerans, although his highest 
temperatures were only 2 or 3 degrees above the normal, and although 
we should, perhaps, expect. the warm-blooded heart to be more elastic 
in this respect than that of the frog. For example in one experiment 
the rate was 80 beats per minute, after stimulation of the sympathetic 
with the heart at a temperature of 30°C. Before stimulation the rate 
was 58 per minute. Now, if a rate of 80 beats per minute was really 
the highest effort which that particular heart was capable of, it is plain 
that if we started from a rate of, say, 70 per minute and caused this to 
increase to the limit of 80 per minute by stimulation of the sympa- 
thetic, the relative acceleration would be much less in the second than 
in the first experiment; but the activity of the sympathetic could not 
in any true sense be said to be less. It is only when the accelerated 
rate is still far from the possible rate that this part of the action of 
the sympathetic can be quantitatively estimated from the ratio of the 
frequency after, to that before stimulation. 

As regards the increase in the force of the beats, it is easy to see 
that with increasing temperature this becomes more and more the 
characteristic expression of the action of the nerve. This is particularly 
true of the auricle, which yields much less readily than the ventricle at 
high temperatures to a depression which is not affected by the 
sympathetic. 

(c) The curve of activity of the sympathetic when the 
activity is estimated only from the maximum acceleration, 
generally rises at first as the temperature is increased from 
the medium temperature; reaches a maximum; and may 
decline with further increase of temperature. 

When the activity is estimated from the ratio of the 
maximum amplitude of the auricular beat after stimulation 
to the average amplitude before stimulation, the curve 
rises at first slowly, then more rapidly; and it is doubtful 
whether it reaches a maximum. 

In both cases the rousing of the heart from heat standstill is 
— Here we might say that the ordinate suddenly becomes 
infinite. 

(d) It has already been incidentally mentioned in describing the 
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occasional effect of stimulation of the vagus in rousing the heart from 
the heat standstill that the sympathetic could do the same. Indeed 
there is no doubt that it is to the sympathetic fibres in the vagus that 
the action is to be chiefly, if not altogether, attributed. As I have 
already discussed the subject pretty fully, it is only necessary here to 
refer to one or two points which belong more particularly to the phe- 
nomenon when it is seen as the result of stimulation of the sympathetic. 

In the first place it would seem, although I desire to speak guardedly 
here, that stimulation of the sympathetic is more frequently followed 
by this effect than stimulation of the vagus. If this is the case, it may 
mean that even during the standstill the vagus can cause a sort of 
latent inhibition, which lasts long enough to allow the depressing effect 
of the high temperature to overcome the stimulating action of the 
sympathetic. 

When the heart has almost but not quite stopped beating, as in 
Fig. 26 stimulation of the vagus may be followed by beats which 
burst out with immense suddenness after the preliminary stand- 
still. While the general similarity of the groups of beats following 
stimulation of the vagus and sympathetic in that tracing is evident, 
they differ in the abruptness with which the maximum is reached. 
After stimulation of the sympathetic the increase both in auricle and 
ventricle, although not slow, is not so sudden as in the vagus group. 
It is difficult to avoid connecting the abrupt outbreak of contraction 
with the previous inhibition. 

Near the beginning of the tracing from which Fig. 26 is taken, it 
was seen that the heart had stopped beating at the ordinary tempera- 
ture (15°C.), and that stimulation of the sympathetic (with the coils at 


a distance of 30 mm.) roused it to action again. The marked difference 


in size and frequency of the beats at this temperature and in the out- 
burst at 28°5°C. is worth noting. It may also be remarked that at 
15°C, the first beat took place 5” after the beginning of stimulation, 
while at 28°5°C. it did not appear till 6°5”, although, as will be stated 
directly, the latent period of the sympathetic is notably shortened, in 
the case of the beating heart, by increase of temperature. The com- 
paratively long latent period perhaps points to the necessity for a greater 
amount of preliminary change than is required when the sympathetic — 
augments the action of the already beating heart, or even when it stirs 
up a heart flagging from exhaustion at the ordinary temperature. This 
agrees with what we have said, that being brought to heat standstill is 
a severe strain upon the heart. | 
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It must not be supposed, from this example, that it is only exhausted 
hearts which can be roused from the heat standstill by the sympathetic. 
It is certainly true that any condition which favours the production of 
heat standstill at a comparatively low temperature is favourable to this 
action of the nerve. But d have seen it in fresh and vigorous hearts, 
in which standstill did not teke place till 36° or even 40°C. had been 
reached. It may be asked whether it is legitimate to call the stand- 
still which is produced at 28°C. or 25°C. in previously cooled or ex- 
hausted hearts a heat standstill. I can only reply that the temperature 
of the heat standstill is always dependent on the state of the heart; 
that it is not constant for the same heart, but can be obtained at a 
lower temperature the second time than the first, and can be obtained 
at a much lower temperature if the heating is gradual and long con- 
tinued than when it is sudden and transient. All I have to say is that 
when the rhythmical beat of the heart has been temporarily 
stopped by a temperature considerably above the ordinary 
temperature, it can sometimes be restored by stimulation of 
the vagus or sympathetic; and that the lower the tempera- 
ture is at which standstill has taken place, the greater is the 
probability that stimulation of the nerves will have this effect. 

(e) Sometimes when the heart is at a high temperature and the 
ventricle is beating feebly, stimulation of the sympathetic, while 
greatly increasing the amplitude and to some extent the rate of the 
auricular beats, may cause at the same time diminution in the size of 
the ventricular beats. 

I suppose this is not due to a negative or depressing action of the 
sympathetic on the ventricle, but simply to the ventricle having got 
into a state in which stimulation of the nerve does not affect it at all. 
When the call for quicker beats arises, the ventricle follows the 
auricular lead; but, being in a feeble state, it cannot increase the 
frequency and maintain the force of its contractions at the same time, 
just as the normal heart generally beats less strongly when rise of 
temperature compels it to beat more quickly. 

(f) The latent period of the sympathetic is diminished as 
the temperature is raised, and increased as the temperature is 
lowered. This agrees with Baxt’s observations on the accelerans 
in the dog within a smaller range of temperature; and is, of course, 
what would be expected. I should like to point out, however, that 
while the absolute length of the latent period varies in this way, there 
may be quite as many unaltered beats, after stimulation has begun, at 
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a high temperature as at a low; in other words, what we may call the 
functional latent period may not be markedly altered. 

It is not possible to estimate the latent period exactly. It is a 
function of other variables besides temperature. In Table II., which 
only covers a small portion of my tracings, I have measured the 
interval from the beginning of stimulation to the beginning of the first 
systole of the auricle which is separated from its predecessor by a 
shorter pause than the normal interval before stimulation, or is stronger 
than the preceding contractions. It is impossible to say whether the 
first altered systole is the first mechanical change; or rather we know 
that the time of the first mechanical change must be put somewhere 
between the end of the last unaltered beat and the beginning of the 
first altered beat. When there is no alteration in the rate before the 
first altered systole, ie. where the first change is an increase in the 
force of the beat, we may take the beginning of this contraction as the 
first alteration. But when the first alteration is a diminution in the 
pause, with or without a change in the size of the succeeding beat, all 
that we can say is that the time of the first mechanical alteration is 
somewhere in that pause. But as we do not know at what time the 
length of the pause is determined, and may just as well say that the 
length of the pause which follows a beat is determined by the condition 
of the heart immediately after that beat as that it is determined by 
some change preceding the appearance of the next beat, I do not see 
how it is possible to decide whether the beginning of the shortened 
pause, or the beginning of the contraction which follows it is the first 
mechanical change. It is of little importance whether the beginning, 
or the maximum, or the end of the auricular systole which is fixed on 
as the point of first change is taken. I have taken the beginning, but 
have only measured the tracings roughly. They were taken for quite 
other objects than the determination of the latent period, with a slowly 
moving drum, and are therefore unsuited for the measurement of fine 
differences. But such differences are of little consequence on account 
of the larger error due to the impossibility of fixing the precise point at 
which the change begins, not to mention the influence which the 
particular phase of the heart’s contraction at the moment of stimulation 
may have. The effect of temperature on the latent period is, however, 
too marked to be overlaid even by errors of such possible magnitude. 
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Discussion of the results of the experiments on the sympathetic. 


A moderate amount of depression of any function of the cardiac 
muscle which the action of the sympathetic can influence is, at the 
ordinary temperature, rather favourable than otherwise to the produc- 
tion of a striking effect, because the greater the depression the more 
room is there for restoration. So in the heated heart the small quick 
beat may undergo a great relative increase without overtopping or even 
equalling the size of the normal beat at the ordinary temperature. 
And frequently the augmentation does not go beyond this. That is to 
say, the etfect of stimulation of the sympathetic is sometimes to make 
the heart beat with what we may call the normal strength, the strength 
with which it beats at the ordinary temperature, under abnormal condi- 
tions. When the sympathetic is not stimulated, the state of the heart 
determines the nature of its action for any given temperature. Some 
hearts will beat both strongly and rapidly at 25°C. Others will beat 
feebly and rapidly. The bigh temperature making a rapid beat neces- 
sary, the strength of the beat will depend on the rapidity with which 
energy is transformed in the cardiac tissue. When there is a sufficiently 
rapid transformation, the increased rapidity of beating can be main- 
tained without diminution in the force. Where the increase in the 
rapidity of transformation, with rising temperature, outstrips the 
increased demand upon the heart caused by the growing frequency of 
its beat, there may be an increase in the force of the contractions as 
the temperature is raised. And if the rapidity of transformation of 
energy in the heart is increased at any given temperature by the action 
of the sympathetic, the heart in its changed state will still find itself 
conditioned by the temperature; it will comport itself differently 
according to the temperature. Probably we are not to look upon the 
sympathetic action as something which directly controls the nature of 
the heart's activity, as if it determined directly whether the beat should 
be increased in force, or in rate, or in both. It is the heart itself, 
conditioned by its internal state at the time, however that state may 
have been produced, conditioned by its external circumstances, by 
temperature above all, which determines how it shall beat. A heart in 
which the metabolic processes have been quickened by the action of the 
sympathetic will at one time quicken its beat, the amplitude being 
perhaps slightly diminished, just as a heart in which the metabolism 
has been increased by a moderate rise of temperature will do. And 
this is most likely to happen when the heart, before stimulation of the 
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nerve, is beating slowly and strongly at a not very high temperature. 
Since there are limits beyond which the heart cannot drive the rute 
or the force of its beats, it gets rid of its surplus energy, so to speak, in 
the easiest and most natural way. When the beats are slow and strong, 
as in the cooled heart, it is comparatively easy to quicken the rate, but 
less easy to force up the strength towards the limit. When the rate is 
very quick and the beat weak, as in the heated heart, it is easier for the 
sympathetic, when it raises the heart for a time to a higher metabolic 
plane, to increase the strength than to drive up the rate. 

Baxt' has pointed out the analogy between the effect of tempera- 
ture alone and the effect of stimulation of the accelerans on the rate of 
the heart in the dog; but the accelerans can always increase the rate 
beyond what is due to the temperature itself. In the frog this does 
not always happen after stimulation of the sympathetic at high tempe- 
ratures. As I have said, increase in the size of the beat rather than 
increase of the rate is here the characteristic effect; and sometimes the 
rate may not be increased at all. 

As to the analogy with the effect of temperature, there is, of course, 
in the heart whose activity has been increased by the sympathetic, no 
parallel to the increased irregular vibration of the molecules in the 
heated heart. If there was, the heart would become hot on stimulation 
of the sympathetic. But the definite processes connected with contrac- 
if tion, the molecular rearrangement, which this increased vibration 

= favours in the moderately heated heart, are undoubtedly favoured, 
1 though necessarily in some other way, by the action of the sympathetic. 
The power of the heart to transform energy is inereased both by heat 
and by the action of the nerve. The earlier stages in the process by 
which this change is brought about must be utterly different in the 
two cases, but the result in both is to make the chemical and physical 
changes connected with the contraction easier and more rapid. There 
are, however, very distinct differences. For example, it is only for a 
small range that elevation of temperature increases the amplitude of the 
beats, while stimulation of the sympathetic may do so for a great range. 
iG Above 20—25° C., rise of temperature diminishes the force of the beat 
if while quickening the rate; stimulation of the sympathetic generally 
iG increases the force to a marked extent. That is really all we can at 
present say about the matter. But when once the sympathetic has 
caused its action on the internal processes of the cardiac tissue, the 
heart, so to speak, takes the reins in its own hands, and beats according 
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to its internal state and the external conditions under which it finds 
itself. 

So that, as has been already hinted, the phases, “activity of the 
sympathetic,” “activity of the vagus,” should probably be amplified 
so as to express more directly the fact that it is the activity of the 
heart, after stimulation of the sympathetic or vagus, which we observe. 
When we say that, as the temperature rises, the “activity of the 
sympathetic is increased,” what we mean is that the heart at the 
higher temperature passes more readily into the state of increased 
activity associated with stimulation of the nerve, and shews that 
activity in a higher phase than at a lower temperature. 


Is the effect of temperature on the initiation and the continuance 
of the action of the cardiac nerves the same? 


The question naturally arises here, how far the power of the sympa- 
thetic (and the discussion will apply also to the vagus) to cause those 
preliminary changes which, so far as the effect of temperature on the 
augmentor function enables us to judge, are probably alone to be called 
its “action” depends on the temperature. When I use the word 
“preliminary,” I do not at all mean to imply that the whole action 
of the nerve on the tissue of the heart is hurried through during 
stimulation or soon after it, and that henceforth there is neces- 
sarily nothing of the nature of regulation, or even of periodic regu- 
lation, of the cardiac beat. But there must, I suppose, come a time 
after stimulation of the nerve is over, when the sum total, the stock, 
so to speak, of what it is going to effect in the heart is potenti- 
ally fiwed, so that if the heart be now put under new conditions of 
temperature, it will still carry with it this augmentor tendency or bias 
or capability, and beat out the remainder of the effect under the new 
conditions in a manner determined now by them and by its own state. 

It is conceivable that a temperature which is most suitable for 
the starting of inhibition or augmentation by the vagus or the sympa- 
thetic might not be suitable for the full development and persistence 
of these effects. It is conceivable that at a high temperature it should 
be more easy for the vagus to produce an effect, complete standstill 
say, than at a low temperature, and yet that the effect, once produced 
should be more permanent at the low temperature than at the high, so 
that stimulation of the vagus with the heart at a comparatively high 
temperature, followed by rapid cooling, might be the ideal method 
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of obtaining a prolonged inhibition. These are possibilities which, so 
far as I know, have not been tested by experiment, and which are 
perhaps difficult to test in a satisfactory manner on account of the 
difficulty of altering the temperature of the heart with sufficient 
promptitude and without causing excitation. I have made the 
attempt, however, and have so far succeeded, that I think it is worth 
while to give some account of the work in this place. 

I had noticed occasionally that if the vagus when stimulated at the 
ordinary temperature causes standstill, the standstill is lengthened 
when, just at the moment of stimulation or a little after stimulation 
has begun, saline solution at a very low temperature is brought in 
contact with the heart, although, after the heart has begun to beat 
again in the cold solution, complete standstill may no longer be 
obtained, nor perhaps any effect except a slight diminution in the size 
of the beats. This seemed to shew that although the initiation of the 
inhibitory action of the vagus is more difficult at a low temperature, it 
lasts longer, when once induced. The long continued standstill which 
I sometimes obtained by direct stimulation of the sinus in the greatly 
cooled heart, and especially in the heart in which only the ventricle 
was directly cooled, seemed capable of being explained in the same way. 
When the ventricle was cooled by ice or cold solution, the cooling 
would after a little time extend to the auricles and sinus. If, then, the 
sinus was stimulated before it was sufficiently cold to make the initia- 
tion of the inhibitory process difficult; and if the cooling was going on 
so rapidly, that during the standstill the motor excitability was further 
considerably diminished, the ideal conditions for long standstill would 
probably be present. 

In a few experiments which I made with chemical stimulation of 
the medulla oblongata, it was found that the exceedingly long continued 
standstill could not be abolished by cooling the heart, although, as we 
have seen, the action of the vagus can be greatly weakened or entirely 
abolished by cooling. On the contrary, when, as the result of chemical 
stimulation of the medulla, the heart has not gone into complete 
standstill, but has had its action greatly diminished so that it just 
continues to beat and no more, cooling may cause complete standstill. 
And that this standstill is not due to the cooling alone can be shewn by 
dividing the vagi, so as to allow the heart to resume beating, and then 
cooling to the same temperature as before, when standstill will no 
longer be obtained. If the heart is cooled before the strong salt 
solution is applied to the medulla, it is apparently less easy for 
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standstill to be produced than if the heart is at the ordinary tempera- 
ture. 

All this seemed to shew that there are initiatory processes caused 
in the heart by the vagus which are prevented or imperfectly performed 
when the temperature is low; but that once these are over, the low 
temperature is not in itself inimical, but, on the contrary, favourable to 
the continuance of the inhibitory action. 

On the other hand, although a high temperature is favourable to 
the initiation of inhibition, it is not necessarily favourable to its 
continuance. So far is this from being the case, that the standstill 
obtained by chemical stimulation of the medulla oblongata at the 
ordinary temperature can be removed by gradually raising the 
temperature of the heart. And with electrical stimulation of the 
mixed vagus nerve the standstill, which is more easily obtained at 
a high temperature than at a low, often passes off sooner. I find it 
stated by Luchsinger and Ludwig“ that they sometimes obtained 
very long-continued standstill in the over-heated heart. It seems very 
easy by the method of simple inspection to confound a heat standstill 
coming on after vagus stimulation with a lasting inhibition. I can only 
say that I have never seen an instance of it. 

Starting from these hints, gleaned from the previous part of this 
work, I came next to try some more direct experiments. 


THE INFLUENCE OF TEMPERATURE ON THE ACTIVITY OF THE 
CARDIAC NERVES WHEN THE TEMPERATURE IS RAISED OR LOWERED 
AFTER THE INHIBITORY OR AUGMENTOR ACTION HAS ALREADY BEGUN. 


L The influence of secondary’ alteration of the temperature 
of the heart on the activity of the vagus. 


A. On the Inhibitory Action. 


The vagus was stimulated with the heart at a given temperature, 
and immediately afterwards the temperaturé was raised or lowered. 
This was managed by first immersing the heart in salt solution at the 
temperature at which stimulation was to be made, then rapidly removing 
this solution, and, quickly filling the vessel with solution at the other 
temperature nearly to the level of the apex of the ventricle but not 


1 Op. cit. 
* “ Secondary alteration of temperature” means any alteration which takes place after 
stimulation of the nerve has begun, 
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quite touching it. Stimulation was then made, and on the heels of 
this the vessel was filled up, so that the heart was very quickly 
subjected to the new temperature. Of course as small a vessel as 
possible was used, so as to reduce the time of filling and emptying to a 
minimum. Evidently this is a very crude method of producing rapid 
changes of temperature in the tissue of the heart. But the tempera- 
ture of an object like the heart of a frog, with a sensible heat capacity, 
must in any case take an appreciable time to change by 10°C. And 
although I have tried other methods, I have not been able to make any 
real improvement. | 

Of course there is some risk of “stimulation” by the sudden change 
of temperature itself; and I think that such stimulation of the heart 
was distinctly seen in all my experiments when the heart was suddenly 
cooled during the inhibitory standstill, although no such immediate 
effect was apparent after sudden heating. 

The general procedure was as follows. The vagus was first 
stimulated in the ordinary way at the temperature which, in the next 
observation, was to continue only during the time of stimulation. This 
was generally the temperature of the air. After a sufficient interval of 
rest the nerve was again stimulated at this temperature with the same 
strength of stimulus and for the same time, but immediately after 
stimulation was over the temperature was raised or lowered and the 
curve now completed at this new temperature. Then, after an interval 
of rest, while the new temperature was still maintained throughout, the 
vagus was again stimulated and a third curve obtained. The first and 
third curves served for comparison with the second. 

By varying the initial and the secondary temperatures a great 
variety of experiments could be made. Practically I have used only 
three temperatures, low, medium (that of the air) and high; and 
generally the combination has been low, high; high, low; medium, 
high ; or medium, low. 

In Figs. 46—48 it will be seen that when the temperature was 
suddenly lowered from 19°7° to 4° during standstill caused by rV 90, 
3 or 4 beats followed at once, breaking through the standstill, and, as it 
seemed for the moment, cutting it short. But note the marked 
inhibitory effects which follow those beats of excitation, an inhibition 
more marked than that at the ordinary temperature. In fact the 
inhibitory effect although broken through for the time by these 
accidental beats has not been abolished but postponed; and in 
the cold it is now able to maintain itself for a much longer time 
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than it did when the temperature of stimulation was maintained 
throughout. 

It might be said that if the sudden lowering of the temperature is 
able to call forth cardiac beats it is also able to stimulate the intra- 
cardiac inhibitory nerves, and, therefore, that the inhibition following 
the beats is not the postponed residue of the former effect but a new 
inhibition following a fresh stimulation. But there is no evidence 


of any such inhibition when the wv beating heart is suddenly 


cooled to the same extent. 

It may be noted that the tone is pee increased during the beats of 
excitation, as happens always when the normally beating heart is cooled. 

The effect of cold in maintaining inhibitory action seems to be 
most marked when the time of stimulation is short. Since in my 
experiments the temperature was not altered till the stimulation was 
over, this probably only means that the sooner after the initiation of 
the inhibitory effect the temperature is lowered, the better. We must 
expect this to be so if a low temperature tends to husband and a high 
temperature to exhaust the inhibitory action, for the greater will be the 
unexpended portion of that action when the low temperature begins to 
take effect. 

Further, since a low temperature tends to diminish the call upon 
the heart for contraction, the tendency to break through the inhibition 
will be lessened. At first sight it almost seems as if the statement 
that inhibition is prolonged because the inhibitory action is spun out 
and made to last longer in the cold, is only a paraphrase of the 
statement that the anti-inhibitory action is diminished in the cold. 
And in truth they cannot be entirely separated except in idea. But 
according as we consider the inhibitory action as a grip which 
gradually relaxes of itself or is burst open by the gathering motor 
force of the heart it will be found necessary to emphasise the one factor 
or the other. 

In any case we must suppose that at the higher temperature the 
molecules, moving more freely, are more easily guided into the new 
distribution which corresponds to the inhibitory standstill, but for the 
same reason it is more difficult for any distribution to be long preserved. 

At a low temperature, when all the molecular motions are slower 
and everything is more firmly locked in the particular distribution of 
any given moment, it is more difficult to bring about the new 
distribution corresponding to the inhibitory standstill, but once it has 
been brought about, it is proportionally more stable. 
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The assumption here is that there is a tendency to recovery from 
the inhibitory state, that is, that the inhibitory distribution is not 
a state of stable equilibrium. This is, of course, perfectly true, but 
is only another way of saying that inhibition occurs in a living tissue. 
Why is it not a state of stable equilibrium? Because the force which 
produces inhibition soon ceases to act, the inhibitory mechanism being, 
as we say in metaphorical language, exhausted, and the molecules, 
abandoned to the next impulse of cardiac rhythm, fall at once into the 
systolic distribution? Or, because, in spite of the inhibitory force, the 
stress of the contractile “effort” becomes strong enough to force the 
molecules from their diastolic moorings. 


B. On the Secondary Augmentor Action. (Figs. 49—51.) 


It is easier to investigate the effect of a secondary change of 
temperature on this than on the inhibitory action of the vagus or 
on primary augmentation. For the latent period in both the latter 
cases is too short to allow the change of temperature to coincide with 
the beginning of inhibition or augmentation. In the case of secondary 
augmentation on the other hand the temperature can be changed long 
before the period at which the beating would naturally be resumed. 
And experiments in which, after the stimulation of the vagus, the 
temperature of the heart was altered at different intervals from the 
beginning of the standstill seemed likely to throw some light on the 
question how the sympathetic action is represented in the heart 
during the simultaneous stimulation of the inhibitory and augmentor 
fibres. At the end of the period of stimulation the augmentor action 
must be represented in some latent form; must have brought about 
some change in the heart, so that in one way or another the augmentor 
effect is already during the inhibitory standstill potentially present. 
We know nothing of the steps by which this potentiality becomes 
translated into actual augmentation. 

We cannot put our finger on a point in the inhibitory standstill or 
in the latent period which precedes it, and say, Here now it is in- 
evitable that augmentation should occur. Nor can we say whether a 
modification of the external circumstances of the heart, a change of 
temperature for example, would produce the same effect on the latent 
augmentation at different points of the inhibitory standstill as would 
be produced when the shadowy forerunner of the augmentor effect had 
developed into actual beats. We know that when stimulation of the 
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vagus standstill, under ordinary temperature conditions, is followed by 
well-marked secondary augmentation, the heart is being prepared during 
the standstill to execute a very definite curve, just as when the tem- 
perature is raised during the standstill an invisible preparation makes 
it ready to take up at once the rhythm corresponding to the higher 
temperature. 

As regards the influence of temperature the secondary augmentation 
may be affected: (1) By the temperature of the heart during the time 
of stimulation or during part of that time. 

(2) By the temperature of the heart during the period of inhibition 
or part of that period. 

(3) By the temperature of the heart at the end of the period of 
inhibition, during the actual augmentation. 

Now let it be supposed possible to vary any of these three tempera- 
tures in either sense, and it will be seen that we have a considerable 
number of cases to investigate even if we use only two standard 
temperatures, a high and a low. There are then the following eight 
possible cases: 


No. ees. During After 


tion 

high low 

low low low 
high ‘low low 


high low high 
high high low 
low i 

low low high 
low high low 


The first two cases, where the temperature is the same throughout, 
have been considered in former portions of this paper. In practice 
I have not found it possible to alter the temperature more than once in 
the course of an observation; so that of the remaining six cases only, 
Nos. 3, 5, 6 and 7 were available. 

In an example of case 6 there was considerable secondary augmenta- 
tion, as much for the time, although not so lasting, as in case 1 with 
the high temperature all through. Here, however, the “low” tempera- 
ture was only the air temperature, at which the preliminary augmentor 
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i changes undoubtedly go on well. The effect here of raising the tem- 
i} perature after stimulation would seem to be to convert what would 
otherwise be a low temperature augmentation (that is, an augmentation 
shewn chiefly as acceleration and spread over a longer time) into a 
typical high temperature augmentation occupying a shorter time. The 
| effect of the rise of temperature at this stage is not necessarily to 
| increase the total augmentation, as apparently is the case when the 
| temperature is high throughout, but only to alter its type. 

In case 3, (High, low, low) the augmentation is perhaps tenner 
as great as it would be in case 1, although it is altogether different 
in type; so that here we may suppose that the essential part of the 
1 process is finished at the high temperature, that is just before the end 
1 of the stimulation, and that the low temperature cannot now prevent 
the augmentation as it could to a great extent have done had it been 
| | present from the beginning, but can only alter its type. 


— 


| | In case 6, with fairly low initial temperature (about 10°C.), the 
| | secondary augmentation seems not to take place or to take place 

| only to a small extent. We may suppose that the essential preliminary 
| | changes have not occurred at the low temperature. All that the high 

| temperature can then do is to make the heart beat as it would a normal 
| heart. In other words, it is the first stage, the stage of stimulation 
5 and the time immediately following it, which settles whether there is 
to be augmentation or not. Not only so, but, as will be seen in Fig. 50, 
where the augmentor nerve was alone stimulated, the action has so 
much stability near the beginning of stimulation that it can go on 
for a little time at the new temperature with the type of the initial 
temperature. 


II. The influence of secondary alteration of the temperature 
of the heart on the activity of the sympathetic. 


In this series of experiments the sympathetic was stimulated with 
the heart at a given temperature, high, low or medium, and just as the 
stimulation was stopped the temperature was suddenly altered. The 
curve so obtained was compared with curves taken before and after 
from the same preparation when the first and second temperatures were 
maintained respectively throughout. 

The conditions here are much the same as in the case of secondary 


augmentation, except that the preliminary period is not lengthened by 
an intervening inhibition. In practice, therefore, one is never able to 
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anticipate the coming augmentation by a change of temperature; and 
we cannot act upon the preliminary stages of the augmentor effect. 

The possibilities here are: (1) That the whole course of the aug- 
mentation, as to amount and type, is determined during the preliminary 
period, so that at a new temperature the heart would still work off 
the augmentation in just the same way as if the original temperature 
had been maintained. If this were the case, we should probably be 
entitled to conclude that the action of the sympathetic is strictly 
directive, and not merely a diffuse and general action. 

(2) That while the amount of the augmentation is determined 
during the preliminary period and is related to the temperature during 
that period, the precise manner in which the augmentation shall shew 
itself depends on the temperature at which the heart works at beanie end of 
this period. 

(3) That the action of the nerve consists not only in causing 
general changes, but to a certain extent in directing the manner in 
which these changes shall be manifested. For instance, it is conceivable 
that the manner of the heart’s action is absolutely fixed for a certain 
time after the preliminary period, but that later on it yields more and 
more to its external conditions, and works out the residue of the 
augmentation more and more in accordance with these. 

(4) That the original type of the augmentor action is stable 
against slight changes in the external conditions, but has to yield to 
great changes. This is a particular case of (1). 

So far as my experiments go, the first possibility, as was to be 
expected, is never fully realised. The change of temperature always 
carries with it sooner or later, and before the augmentation has spent 
itself, a change in the type of the augmentor effect. For example, it 
frequently happened that when the sympathetic was stimulated there 
was considerable increase both in the frequency and the force of the 
beat. When the temperature was now suddenly raised, say about the 
time when the maximum augmentation had been reached, the tone of 
the heart would suddenly give way, the line of relaxation would rise, 
the rapidity of beating would increase, but there would be no series 
of strong rapid beats to represent the balance of the augmentation. 
This balance, however, would be represented by an excess of frequency 
over that of the unaugmented heart at the same temperature. This 
excess would gradually disappear. 

To a certain extent, however, the form of the augmentation, as well 
as the amount, seems to be determined during the earlier portion of the 
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period of stimulation in accordance with the then state of the heart as 
regards temperature (rate of beating). For when the temperature is 
suddenly raised as soon as possible after the end of the latent period, 
the typical form seems to persist for some time after the alteration of 
temperature, this stage being followed by one in which the unexhausted 
remainder of the augmentor effect has adapted itself, so to speak, to 
the new conditions, and is henceforth manifested merely as an increase 
on the new lines in the general working power of the heart. 

In accordance with this the typical effect disappears at once when 
the temperature is altered at a later period of the augmentation, and is 
not replaced by an augmentation such as would be produced by stimula- 
tion of the nerve at the given temperature, but merely by an increase in 
the normal action of the heart at that temperature. 

If the temperature could be altered very early, say just before the 
end of the latent period, it is perhaps possible, although, I fear, the 
point is not capable of experimental proof, that the augmentation might 
from the beginning take on the type peculiar to the new temperature 
when stimulation is made in the ordinary way at that temperature. 

And this would be some indication that during the latent period the 
changes are of a general kind, the special bias not being received till 
the heart, overcharged with energy, as it were, but still free to work off 
this overplus according to the external conditions in which it may find 
itself at the end of the latent period, bursts into a series of rapid and 
strong beats if the temperature be high, or passes into the typical low 
temperature augmentation. 


Summary and comparison of the influence of the temperature of the 
heart on the action of the vagus and sympathetic. 


In recalling the chief points which have been made out in this 
investigation, one cannot fail to be struck with the fact that in general 
the influence of temperature on both nerves is in the same direction. 
We have seen that as the temperature is lowered, the inhibitory action 
of the vagus becomes less complete and less easily produced; the 
augmentation caused by the sympathetic, whether its fibres are stimu- 
lated by themselves or in the mixed vagus trunk, becomes less and less 
marked, more and more difficult to be obtained at all. As the tem- 
perature is raised beyond the ordinary temperature, we have seen the 
inhibitory action of the vagus becoming more complete and more easily 
obtained, and the augmentor effects of stimulation of the sympathetic 
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increasing enormously. We have seen the vagus stop the heart on the 
very border of the heat standstill, and the sympathetic, or the sympa- 
thetic fibres in the vagus, cause it to beat again when it had passed into 
the standstill. 

In a general fashion it may be said that a temperature which is 
unfavourable to the action of one of the nerves is unfavourable to the 
action of the other. When the normal changes in the heart are 
rendered sluggish by cold, it is not only less easy to quicken its beat, 
but it is less easy to stop it. When these changes are quickened, when 
the molecular mobility of the heart is increased by heat, it is easy for it 
to slide either into inhibition or into augmentation. 

It is true the resemblance is not complete when the quantitative 
changes are taken into account. In general the function of the sympa- 
thetic is more depressed by cold and far more exalted by heat than the 
inhibitory function of the vagus. But after every allowance has been 
made for differences of this sort, the general agreement is sufficiently 
striking; and emphasises from a new point of view the remark of 
Baxt that the accelerator and inhibitory nerves cannot be considered 
antagonistic. 


The old simile of the vagus reining in the heart, as a horse is reined 
in by its rider, is poetical but misleading. If it were true, the more 
vigorous the heart is, the more rapid its metabolism is, the more 
difficult should it be for the vagus to pull it up. The reverse of this is 
the case. If similes were of any use in physiology, the stopping of the 
“way” of g vessel in stays would give a better idea of what seems to 
happen when the heart is stopped or slowed by the action of the vagus. 
The more way the vessel has, the easier is it for the steersman to put 
her up in the wind. The vessel is not stopped or slowed by the 
steersman nor by the rudder, but only put on such a course that the 
constantly acting resistance, the friction of the water, which formerly 

was overcome by the force of the wind, now acts unopposed or rather 
reinforced by the changed relations of direction of wind and course 
of vessel. The heart is not “reined in” suddenly by the vagus, any 
more than the ship is checked at full speed by a sudden strain upon an 
invisible hawser. The vagus acts the part of steersman, or at most 
of steersman and steering gear together. It may be that the heart 
contains within its own contractile tissue the steering mechanism which 
it is the function of the vagus merely to set in motion. Or it may be 
that this mechanism belongs rather to the nerve than to the muscle. 


» 
if 


——— 


= — 
— 
ͤ—ẽ¼ — — 


= 
— 


108 G. N. STEWART. 


In either case constantly acting “resistances,” or forces which in the 
normally beating heart make for rhythmical contraction, but which in 
the heart under the influence of the vagus may be placed in a different 
relation to the motor activity, may bring about the actual inhibition. 

To take another analogy, the vagus action seems rather a shunting 
of the activity of the heart into a new path than the stopping of it 
dead. The vagus adjusts the points, but does not apply the brake; or 
if it does so, the pressure is only regulated by the vagus mechan- 
ism; the power is not supplied by it. The speculation of Pflüger“, 
that the action of the inhibitory nerves may consist in so changing the 
path of the oxygen atoms that they do not come within the sphere of 
activity of the carbon atoms, is very suggestive. This would amount to 
a sort of negative “assimilation” in Hering’s sense, or a negative 
“anabolism” in Gaskell’s, a prevention of the normal destructive 
change being in a manner equivalent to an active building up, on the 
principle of magnum vectigal est parsimonia.” 


Comparison of the results of Section I. with the literature of the 
subject in other animals than the frog and toad. 


What degree of generality the above results may have it is impossible 
to say. As regards the augmentor nerves we have already discussed the 
experiments of Baxt on the dog, so far as a comparison could be made. 
He recorded merely the blood pressure curve, and, therefore, took 
account only of the rate of the heart as a whole. My tracings shew 
that in the frog the changes in the size of the beats, and the relation 
of these changes to temperature are at least as important as the changes 
in the rate. Then again, the simultaneous record of auricular and 
ventricular contractions has brought out various interesting relations ; 
and we have no data for comparing these with corresponding phenomena 
in the mammalian heart. 

As regards the vagus, we have already mentioned that Baxt, using 
minimal stimuli, and taking the maximum slowing as the test of the 
activity of the nerve, found no effect of temperature on it. Considering 
how important a part the diminution in the force of the contractions is 
in the total action of the vagus, it is perhaps doubtful whether Baxt’s 
result has settled the question even for the dog, and for his range of 
temperature. 


1 Pfliiger’s Archiv, Bd. XVII. p. 247, 1878. 
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Horvath’ found the vagus action abolished in greatly cooled 
rabbits. 

Schiff“ stated that in the rabbit the vagus loses its action when 
the animal is heated, and regains it on cooling; while Lauder Brunton“ 
found the vagus action still present in this animal at a temperature 
just sufficient to cause death. This quite agrees with what happens 
in the frog. But Brunton’s rabbits were deeply chloralised; and 
Langendorff‘ and Vulpian’ found that chloral strengthened the vagus 
action and made it more lasting; and, therefore, it is not certain that 
Brunton’s result was not due to the chloral. In etherised rabbits and 
cats, on the other hand, Gianuzzi‘ found that when the pulsations had 
become weak and slow, stimulation of the vagus strengthened and 
quickened them. 

In hibernating animals Valentin found in the marmot’ that in 
deep winter sleep stimulation of the vagus had no effect on the 
frequency of the pulse; with sleep less deep it caused quickening ; 
when the sleep was still less deep, the usual slowing. I have not been 
able to see Valentin’s original paper, and do not know whether the 
temperature at which the different experiments took place was recorded. 
It seems possible that the want of vagus action in deep winter sleep, if 
it really was altogether absent, was due to the low temperature associated 
with that condition. In any case the slow metabolism of the heart in 
the hibernating animal might be expected to be unfavourable to the 
action of the cardiac nerves. But it is difficult to explain the accelera- 
tion in the intermediate stage of sleep. 

Lépine and Tridon' have stated that in the tortoise the action of 
the vagus persists when the heart is cooled ; but is abolished when it is 
heated, returning again on cooling; while Luchsinger and Ludwig’ 
state that it is abolished by cooling. 

It is evident, I think, that there is no complete agreement as to the 
action of temperature on the vagus. This seems due partly to the 


1 Wiener med. Wochenschrift, 1870. 

2 Arch, d. scienc. phys. et natur. IXI. Gendve, 1878. 

5 St Bartholomew's Hosp. Reports, 1871, p. 216. Tert-book of Pharmacology, 1885, 
p. 35. 

* Mittheil, d. Kimigsberger Lab. 1873. 

Compt. Rend. LXXXVI. p. 1 

Rivista scientif. d. Accad. le Fisiveratici, p. 46, Siena, 1872; 
in Hermann’s Handbuch. 

7 Moleschott’s Unters. x1. 4. 

36 1876, Mars, Loc. cit, 


« 
> 
4 


— 
— 


—— 


110 G. V. STEWART. 


experimental difficulties in the case of warm-blooded animals. In the 
tortoise, however, there are no special difficulties. Accordingly, I have 
made a few experiments to try to settle the question of the influence of 


temperature on the action of the vagus in that animal. 


Section II. THE INFLUENCE OF TEMPERATURE ON THE HEART 
OF THE TORTOISE, AND ESPECIALLY ON THE ACTIVITY OF THE 
VAGUS. 


The method of experiment was the same as that used in Section I. 
The heart was prepared according to Gaskell’s method, the aorta being 
divided and the cardiac end of it held in a pair of bull-dog forceps. 

In general. I find that the inhibitory action of the right vagus is 
affected by temperature in the same sense as that of the vagus in the 


frog; although the effect seems to be less marked than in the frog, and 
a much greater change of temperature is necessary to cause a sensible 


alteration in the inhibitory activity of the nerve. At very low tempera- 
tures it is unquestionably more difficult to obtain complete standstill of 
the heart than at the ordinary or at a higher temperature. But for a 
considerable range above and below the ordinary temperature it may be 
difficult to demonstrate any marked difference. It is by no means easy 
to shew in the tortoise, what is seen in the frog, that the minimum 
strength of stimulus, needed to produce a given inhibitory effect, increases 
as the temperature falls and decreases as the temperature rises. It 
needs a considerable fall of temperature to appreciably increase the 
minimum stimulus. | 

I have found complete standstill caused by the left vagus in the 
proportion of about one third of the tortoises I have used. I formed 
the impression that, in a case where standstill was not caused by 
stimulation of the left vagus at the ordinary temperature, it could be 
caused when the heart was heated to a higher temperature, just as in 
the frog a vagus, which at the ordinary temperature only causes diminu- 
tion of the force of the beat, may cause complete quiescence at a higher 
temperature. It would be interesting if it should turn out that the 
incomplete inhibitory action of the left vagus in the tortoise could be 
rendered more complete by altering the temperature of the heart. I 
cannot, however, positively assert that this does ever happen, as the 


‘material at my disposal for the few experiments I made was far too 


scanty to enable an answer to be given to all the questions which arose ; 


and I was obliged to. confine myself to the one originally proposed, 
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As to the effect of temperature on the secondary augmentation there 
is nothing in the tortoise comparable to what is seen in the frog. Since 
the secondary augmentation in the tortoise at the ordinary temperature 
is very slight or absent, we could not expect change of temperature to 
have much influence on it. So far as I have seen, it is as likely to 
occur at a low temperature as at a high temperature, provided that a 
well-marked inhibitory effect occurs at the low temperature. This 
bears out the view taken of the slight secondary augmentation seen in 
the frog’s heart at a temperature low enough to abolish the action of 
the sympathetic, that it is essentially due to the inhibition and not to 
the action of augmentor fibres. The want of any distinct favouring 
action of a high temperature on secondary augmentation in the tortoise 
is quite in accordance with the idea that by far the greater part of the 
secondary augmentation at the ordinary and at higher temperatures in 
the frog’s heart is due to the sympathetic fibres. 


Heat standstill of the tortoise s heart. 


This does not seem to differ materially from that of the frog’s heart. 
A higher temperature seems generally to be required. For example, in 
one experiment the heart was exposed to a temperature of 49°C. for a 
sufficiently long time to allow the whole of the tissue to take on ap- 
proximately that temperature, as shewn by a thermometer in the 
ventricle. The ventricle, when the heart was taken out of the solution, 
was apparently in heat rigor and hard, but the auricles continued to 
beat well. On squeezing the ventricle between the fingers, a curious 
phenomenon was seen. A single slow and apparently very shallow con- 
traction passed over its surface. The contraction was localised and only 
spread over the part subjected to pressure. One is reminded of the 
statement of Kussmaul' that skeletal muscle which has passed into 
heat rigor may be again made capable of contraction by stretching and 
kneading, perhaps because some of the fibres are not really in rigor but 
mechanically hindered from contracting by those which are. It may be 
that the mode of treatment (pressure, stretching) temporarily increases 
the excitability of muscular fibres which are bordering on, but not yet 
in, the state of permanent rigor. But Heubel* has shewn that various 
forms of rigor in the frog’s heart, including heat rigor, can at first be 
removed by the action of frog’s or rabbit’s blood. There can, therefore, 


1 Arch, f. pathol. Anat. u. Physiol. XIII. p. 289. 
2 Pfliiger’s Archiv, Bd. xiv. p. 461, 1889. 
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i | apparently be a real physiological recovery of fibres in which the rigor 
Vik has not gone too far, although the fibres, if left to themselves, do not 
Mi recover. When the heart, in this experiment, was further heated to 
| 55°C. the auricles also were found in rigor. The ventricle did not now 
shew any trace of contraction on being squeezed. 

Heat standstill can be obtained at a much lower temperature when 
the heating is gradual and long-continued, just as in the frog’s heart. 
But stimulation of the vagus was never seen to cause rousing of the 
heart from the heat standstill, as it does in the frog, a fresh proof, I 
5 think, that the chief part, at least, of that effect is due to the sympa- 
thetic fibres. 


The effect of heat and cold on the rate of the heart of the tortoise. 


| The only point worth noting is that the maximum rate is reached 
as at a higher temperature than is usually the case in the frog. The 
| slower rate at the ordinary temperature leaves more room than in the 


— 


1 frog's heart for progressive increase with rising temperature, e.g. in one 
ie experiment the rates were 
Temperature. Beats per 100” 
6-4° 6-4 
18°5° 26 
@ 28°9° 62 
i 40-2° 97 


In the greatly cooled heart (4°—6°C.) one peculiarity was the 
irregularity of the rhythm. The amplitude and rate in some cases 
varied from beat to beat, in marked contrast to the strong regular beat 
of the cooled frog’s heart. 


The question now arises, whether the apparent influence of tempera- 
ture on the action of the cardiac nerves is really connected with the 
temperature directly or is not rather due to the alteration of the 
| rhythmical activity of the heart which change of temperature produces. 
a In other words, is it because the heart is at a high temperature, or 
a because it is beating quickly, that the action of the nerves is increased 


with increase of temperature? Take, for example, the diminution of 
@ the latent period. Is this due to the preliminary changes being got 
if over more quickly in the heated tissue independently of the other fact 
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that the changes connected with the normal beat also take place more 
quickly, or does it simply mean that the “inertia” of the heart always 
carries it on through a certain fairly constant number of contractions 
before it yields to the guiding influence of its nerves? In the latter 


case the latent period would, of course, vary inversely as the frequency 


of the beat, and, therefore, inversely as some function of the tempera- 
ture. 

Now I think there is no doubt that many of my tracings shew a 
remarkable constancy, for the same heart at different temperatures and 
for the same stimulus, in the number of beats in the latent period of the 
vagus; and the same is true of the sympathetic, when stimulation is 
begun at the same phase of the contraction. At extreme temperatures 
this constancy is not so marked. 

There must evidently be a very close relation between the processes 
concerned in the production of the normal beat and those concerned in 
inhibition or augmentation, for the pace of the former cannot be altered 
without a corresponding alteration in the pace of the latter. This again 
shews that the vagus or the sympathetic does not strike in like a deus 
ex machina athwart the normal action of the heart. The sympathetic, 
unlike the motor nerve of a skeletal muscle, does not directly incite to 
contraction; it has to begin its work far back on the chemical and 
physical sequence of which contraction is the final term. And this 
must be the reason why the length of the latent period is related to 
the rate of the unaugmented heart. 

We should, therefore, expect that an alteration in the rate of the 
heart caused in other ways than by change of temperature should equally 
affect the length of the latent period. When the vagus causes standstill 
in a heart already accelerated by stimulation of the sympathetic we 
should suppose that the latent period would be shortened. And as a 
matter of fact this is the case. This brings us to the question of the 
possible antagonism of inhibitory and augmentor nerves; and since this 
question has not hitherto been studied in the frog, as Baxt and others 
have studied it in warm-blooded animals, and since further it is intimately 
connected with the general subject of this paper, I have made a series 
of experiments on the point. Although these experiments are not so 
numerous as I could have wished, only about forty hearts having been 
used, they have still, I think, yielded enough information to enable us 
to compare in outline the process in the frog with the more detailed 
results in warm-blooded animals. 
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Section III. SOME RELATIONS OF AUGMENTOR TO INHIBITORY 
ACTION IN THE FROG AND TOAD. 


We know that in the dog minimal stimulation of the vagus is 
sufficient to suspend the activity of the accelerator fibres for the time. 
But this is not because the vagus struggles with the accelerans and 
overcomes it. There is no struggle, because there is apparently no 
resistance. The vagus shunts the activity of the accelerated heart into 
its new path at least as easily as it does the activity of the normally 
beating heart. Let us see whether it is so in the frog. 

It is already evident that when the inhibitory and augmentor fibres 
are stimulated simultaneously with the same strength of stimulus the 
inhibitory effect, when there is any, sets aside the augmentor effect for 
the time and precedes it. For this is what happens when the mixed 
vagus trunk is stimulated. It is another question when there is 
minimal stimulation of the inhibitory fibres alone or, what seems to be 
much the same in this case, of the mixed vagus, along with simultaneous 
maximal stimulation of the augmentor fibres, and still another question 
when minimal stimulation of the inhibitory fibres takes place with the 
heart already under the influence of maximal stimulation of the aug- 
mentor nerve. 

The latter case is the one which has most interest in connection 
with the work of Section I., and all my experiments relate to it. 

The heart was always at the air temperature. The sympathetic was 
stimulated generally with a fairly strong or maximal stimulus. Im- 
mediately afterwards, and while the heart was still augmented, the vagus 
was stimulated, generally with minimal shocks. The interval between 
the end of the sympathetic stimulation and the beginning of the vagus 
stimulation was varied in different observations, Of course the observa- 
tions could be indefinitely multiplied by varying the temperature also, 
and this would not be without interest. 

One objection to my results may possibly be that the mixed vagus 
trunk was used as the opponent of the sympathetic. And although 
minimal stimuli as a rule cause little or no action of the sympathetic 
fibres in the vagus, or at any rate little or no action which is shewn as 
secondary augmentation, and, although with even strong simultaneous 
stimulation of the inhibitory and augmentor fibres under normal con- 
ditions, the augmentation is postponed to the inhibitory action, it is 
possible that even minimal excitation of the sympathetic fibres, falling 
into a heart already augmented, might tend, in the manner of a relay, 
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to support the rhythm of the heart against the inhibitory onslaught. 
But since, as will be seen, the augmented heart yields as readily, or 
almost as readily, to the inhibitory influence as the normally beating 
heart, except with stimuli of the bare minimal strength, and may, in 
certain circumstances, yield to it more readily, any possible effect of 
this kind may be discounted. For the circumstances in which the 
inhibitory power seems diminished (minimal stimulation of the vagus 
after maximal stimulation of the sympathetic) are also the circumstances 
in which “relay” excitation of the sympathetic fibres in the vagus 
would be least likely. And the conditions under which the inhibitory 
power seems undiminished or increased are also those under which the 
“relay” excitation would be most likely to take place. 

The results of this section may be summed up as follows, what has 
been already said as to the quantitative comparison of the activity of 
the cardiac nerves being borne in mind : 

(1) If we take the measure of that activity as the total quantity 
of mechanical action which in a given time has been produced or 
prevented compared with what would, in the absence of excitation of 
the nerves, have been produced, it can be said that the inhibitory 
activity of the vagus is in general greater when the heart is under the 
influence of a previous stimulation of the sympathetic than when it is 
beating normally at the same temperature. 

(2) If we take the absolute minimum of mechanical action during 
a given portion or the whole of the inhibitory period as inversely 
proportional to the activity of the inhibitory fibres, then in general the 
activity of inhibition is as great when the heart is under the influence 
of a previously produced augmentation as in the normally beating heart 
at the same temperature. But with minimal stimulation of the vagus 
the inhibitory action is sometimes less, and occasionally very much less, 
in the augmented than in the normally beating heart. Where, however, 
the heart, before stimulation of the sympathetic, is in bad condition 
and beating feebly, not only the relative but also the absolute amount 
of inhibitory action as measured, say, by the length of the standstill, or 
the diminution of force, or the slowing, may be greater for a given 
strength of stimulus in the augmented than in the normally beating 
heart. | 

(3) If we take the minimum strength of stimulus which will 
produce an inhibitory effect, say, complete standstill, as the criterion of 
inhibitory activity, no increase of activity can in general be made out 
in the augmented heart. On the contrary the minimal stimulus, as 
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| has been indicated in (2), may sometimes be higher for the augmented 
if than for the normal heart. In this respect the heart which is beating 
| 9 rapidly on account of a previous stimulation of the augmentor fibres 
i | differs from the heart which is beating rapidly at a high temperature. 
| i (4) Fora strength of stimulus which produces standstill both in 
the accelerated and in the normally beating heart the latent period of 

| inhibition is in general shorter in the former when the excitation is 
| thrown in at the same phase of the cardiac cycle. 
| (5) It is not infrequently seen that in the augmented heart the 
| inhibitory action affects the auricle far more than the ventricle, while 
| in the normally beating heart both may have been affected greatly and 
| approximately to the same extent. It seldom happens that there is not 
| on the ventricular curve in the augmented heart some slight indication 
| of the inhibitory action, but this is often quite disproportionate to the 
i effect on the auricles and to the effect on both auricles and ventricle in 
| the normally beating heart. ' 
| In fact the ventricle in the augmented heart of the frog at the 
ordinary temperature is sometimes nearly as refractory to direct in- 
hibitory action as the ventricle of the normal tortoise’s heart or of the 
frog’s heart in the cold. Shall we say that the exaltation of conduc- 
tivity at the auriculo-ventricular junction in the frog’s heart during 
augmentation is not so easily nor so quickly removed by the inhibitory 
action as the force of the auricular contractions is depressed or their 
rhythm slowed? Or is it that the force of the ventricular beat is less 
under the control of the inhibitory fibres than is the case with the 
auricle, so that just as when the heart is cooled the ventricle escapes 
first from the inhibitory yoke, it is also less easily quelled when once its 
action has been augmented by the sympathetic’? 3 

In a tracing not reproduced here a stimulus which in the normally 

beating heart caused complete or almost complete quiescence of the 
auricle, with distinct but less marked inhibitory effects in the ventricle, 
caused in the augmented heart quiescence of the auricle as before, but 
had scarcely any effect on the ventricle, which went on beating under 
the influence of the previous augmentation. It should almost seem as 
if the ventricle might, in certain circumstances, go on to complete the 
curve of augmentation in the face of an inhibitory action which inter- 
rupts the auricular curve, But other tracings make it likely that this 
can only happen when the auricle still keeps the augmented rate, 
although the contractions are greatly reduced in force by the action of 
the vagus. It is curious that the vagus should thus be able to abolish 
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one part of the augmentor effect in the auricle, (increase in force) while 
the other part, (increase in rate) is scarcely, if at all affected, and in the 
ventricle neither part is touched. 

(6) While a stimulus somewhat stronger than minimal is as 
effective in causing inhibition when it is thrown in during the height 
of the augmentation as at a later period, and as effective as in the 
normally beating heart, a truly minimal stimulus is often more effective 
when the augmentation, though still present, has begun to decline, 
than at an earlier period. This suggests that the stability of an already 
established augmentor effect in the presence of a succeeding inhibitory 
excitation of minimal strength is greater when the augmentation is still 
vigorous. In connection with this we may recall the fact mentioned 
in Section I. that the stability of type of the augmentor effect against 
a change of temperature seemed to be greater, the sooner after the end 
of the latent period the change of temperature was made. 

Before completing this Section, I may mention here some miscel- 
laneous observations I have made in the course of these experiments, 
and which I do not recollect to have seen described before, although 
very possibly this has been done. 

When stimulation of the vagus causes in the normal heart a dimi- 
nution in the force of the beat along with acceleration, it may sometimes 
be seen that in the heart already under the influence of previous excita- 
tion of the sympathetic no diminution of force is at first produced by 
stimulating the vagus with a stimulus of the same strength, but, as the 
acceleration diminishes, more and more diminution may be produced, 
the diminution being now associated with fresh acceleration. This 
suggests that in certain cases the diminution in force is bound up with 
the acceleration in such a way that the former cannot be produced 
unless the rate of the heart is sufficiently slow to allow acceleration to 
take place readily. This is not merely a case of the well-known fact 
that a beat of small amplitude is generally quicker than a stronger 
beat. For it may happen when the vagus undoubtedly still possesses 
inhibitory power. 

I have also, however, (Fig. 64) seen an instance in which the dimi- 
nution in force, with accompanying increase in rate, caused by stimula- 
tion of the vagus was clearly due to the action of the sympathetic fibres 
alone. The heart at the ordinary temperature, when forced to beat more 
quickly by the primary augmentor action of the vagus, began to beat at 
the same time with less force, giving the appearance of a slight inhibi- 
tory action. That this was really due to the augmentor fibres was shewn 
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when the sympathetic was now stimulated with the same strength of 
current. A precisely similar though somewhat greater acceleration, 
accompanied #ith some diminution in the force, was obtained. 

Prim leration of the beat, along with diminution in the force 
too great apparently to be accounted for merely by the acceleration, is 
sometimes seen as a result of stimulation of the vagus. There may not 
be a trace of preliminary slowing; yet a stronger stimulus, and even 
at a later period in the experiment the same stimulus, may cause well 
marked inhibition; so that probably the primary acceleration and the ac- 
companying diminution in force are the signs of co-existing inhibitory 
and augmentor action. 

In some cases where this primary acceleration and inhibition exist 
together when the vagus is stimulated with the heart beating normally, 
there may be an equal diminution in the force when the vagus is 
stimulated after a previous stimulation of the sympathetic and while 
the heart is still markedly augmented, while there is no alteration in 
the rhythm, the beat remaining accelerated although diminished in 
force. Here there is apparently persistence of one part of the aug- 
mentation in the presence of the inhibitory action, which removes the 
other part. 

When the vagus causes standstill in a heart already under the 
influénce of the sympathetic, it is clearly seen that the curve of aug- 
mentation is only interrupted and completes itself after the inhibition 
has disappeared. This agrees with what happens in the mammalian 
heart. Generally the rate and force of the beat are about the same 
when the heart resumes beating as when it stopped, or they have only 
slightly diminished, so that the general type of the augmentation is 
preserved. 

But sometimes, as in Fig. 63, there is a change of type after the 
inhibition, the beats being markedly slower after than before but 
reaching a new and much greater maximum of force. 

When pronounced secondary augmentation follows stimulation of 
the vagus in the normally beating heart, this is naturally absent when 
the nerve is stimulated while the heart is still under the influence of a 
previous stimulation of the sympathetic, since the heart, before the 
inhibition, is already beating at or near its maximum. 
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Section IV. THE £ OF EXTREME TEMPERATURES UPON THE 
ACTION OF THE HEART. 


1. The effect of high temperatures. 


In the résumé, given at the beginning of this paper, of the literature 
of the subjects already treated the effect of a high temperature upon 
the heart’s action, apart from its effect on the activity of the cardiac 
nerves, has several times been mentioned. I only intend ‘to consider 
here the extreme limit of the process, the heat standstill. 

When the temperature of the heart is gradually raised the beats are, 
as has long been known, quickened. There may be at first in addition 
to the quickening an increase in the force of the beats; but this is not 
constant, and with a very moderate increase of temperature gives place 
to decided diminution. As the temperature is still raised the ventri- 
cular beats diminish in force more rapidly than the auricular, while the 
rate of contraction of the heart increases to a maximum, and then 
remains constant or diminishes somewhat. At this stage the ventricle 
may or may not be able to respond to every auricular beat. Finally, 
the heart goes into standstill, and this happens first for the ventricle. 
The more exhausted the heart is before the heating, the lower is the 
temperature needed to cause standstill of the whole heart, and the 
greater is the difference between the temperatures at which the ventricle 
and auricles respectively stop. When the heart has been long worked 
with, the ventricle may be brought to rest at a temperature at which 
the auricle is still beating vigorously. Indeed nothing is more con- 
spicuous in these tracings than the way in which the excursion of the 
ventricular lever, generally very considerably greater than that of the 
auricular lever at the ordinary temperature, becomes first equal to, and 
then decidedly less than, the latter as the temperature is raised. 

As has been already said, the longer the exposure, the lower is 
usually the temperature required to cause standstill. And this is true 
even when the shortest time of exposure is not too short to allow the 
heart to come approximately to the temperature of the solution in 
which it is immersed, The sinus goes into standstill at a still higher 
temperature than the auricle. 

We may sum this up by saying that the temperature of heat 


standstill varies inversely with the rhythmical power of the 
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According to Engelman n's observations! the heat standstill of the 
bulbus aortae takes place at an enormously high temperature. It may 
beat up to 46˙5˙ C.; and up to 48˙ C. pulsations may still reappear on 
cooling. These temperatures are higher than even the sinus can bear, so 
far as my reading and experience go, and much higher than the ventricle 
can bear. That the bulbus should continue to beat at a temperature 
above that whicl: is sufficient to produce standstill of the ventricle, is 
quite in accordance with the superiority of rhythmical power in the bulbus 
and the peculiarities which led H. Munk“ to assume the existence of 
ganglion cells in it. Although Engelmann’ denies that Löwit's so- 
called bulbus ganglion‘ is of nervous nature, and although, indeed, the 
existence or non-existence of ganglion cells in any part of the heart, 
has come to be looked upon as a question of no great interest in this 
connection, the rhythmical peculiarities of the bulbus tissue remain. 
That the bulbus, however, should be able to stand a higher temperature 
than the sinus is certainly surprising. The considerable internal pressure 
(5—20 mm. of mercury) with which Engelmann worked may explain 
this, for the temperature at which standstill occurs in the heart as a 
whole, or in the apex preparation seems to be raised as the pressure is 
increased. Also a very short exposure even to a temperature of 65°C. 
does not kill the heart, as Aristow found. A normal fresh heart I 
have found to go into standstill at a temperature of 32°—40° C. accord- 
ing to the time of exposure, any exposure under 1 minute being omitted, 
and the “individuality” of the heart. My frogs were not particularly 
large specimens of Rana temporaria, in fair but not prime condition. In 
an exhausted heart the ventricle has often gone into standstill at a 
temperature of 20°—30°C, I have sometimes had the opportunity to 
observe that an unexhausted heart, previously cooled to 1°—8°C. and 
beating vigorously though slowly at that temperature, goes into heat 
standstill at a comparatively low temperature, the ventricle, as in all 
cases, succumbing first. This reminds one of the rapid rigor mortis which 
occurs in a frozen muscle when the temperature is allowed to rise, and 
lends a certain amount of support to the suggestion of Luchsinger“ 
that the temporary heat paralysis of many tissues is connected with 
— preliminary to heat rigor, but, unlike the actual rigor, rever- 
sible. 

Engelmann, Hartog, and Verhoeff, Pfliiger’s Archiv, Bd. xxrx. pp. 425—468. 

1 Arch. f. (Anat, u.) Physiol., 1878, p. 560. 

Loc. cit. 

* Phliiger’s Archiv, Bd. xxv. p. 899, 1881. 

5 Pfliiger’s Archiv, Bd. xv. p. 478. 
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As to the nature of the heat standstill of the heart and even as to 
the phase of the cardiac cycle in which the standstill takes place, there 
has been some difference of opinion in the past; and, to judge from 
the description of the phenomenon in some recent English text-books, 
complete agreement has not yet been reached. One reason for this 
seems to be that the distinction between the condition in which the 
heart is still able to beat when the temperature is lowered, and which 
alone should be called the heat standstill, and the condition of true heat 
rigor has not always been observed. 

Schelske thought the heart was contracted in the standstill. 

Cyon' saw the frog’s heart, when brought suddenly from a surround- 
ing temperature of 0° C. into a temperature of 40° C., execute a series of 
beats, following each other so quickly that it ultimately fell into what 
he calls tetanus. This lasted at most 15—30 seconds, and the heart 
then relaxed. But he does not make it clear whether by this “ tetanus” 
he means standstill of the heart in systole due to fusion of the 
contractions ; and the possibility must not be lost sight of that in this 
sudden heating the sinus should get the start, so to speak, of the rest of 
the heart, and that the ventricle or both auricles and ventricle, not 
being able to follow the rapid lead of the sinus, should stand still 
altogether, as Gaskell observed the ventricle sometimes to do when 
the auricle alone was heated. There is another point to be remarked 
in this experiment of Cyon’s. The heart was connected by cannulae 
in the inferior vena cava and aorta with a manometer and pressure 
apparatus. And we shall see directly that the heart under fairly high 
endocardiac pressure does not react to change of temperature in the 
same way as the empty heart or the heart in situ. 

Aristow’, working with the empty heart, found that the heat 
standstill was always diastolic. 

Lauder Brunton’ describes the heart as beating “quicker and 
quicker as the heat increases until at last it stands still in heat 
tetanus. On again cooling it by the ice its pulsations recommence....” 

McKendrick‘ says, As the temperature rises up to about 40°C. 
the heart beats become quicker and quicker, until the organ passes 
into a state of heat-rigor....As already mentioned the heat-rigor may be 
removed by cooling.” I cannot quite understand the sense in which 
McKendrick here uses the term “heat-rigor.” Heat rigor in its 


1 Sachs. Berichte, 1866, p. 256. 2 Loc. cit. 
Text- book of Pharmacology, 1887, pp. 302, 303. 
* Text-book of Physiology, 1889, Vol. u. p. 232. 
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ordinary sense scarcely applies to a condition which can be removed 
H by lowering the temperature. I presume McKendrick means that 
A the heart stops in a condition outwardly resembling heat rigor but 
removable by cooling, i.e. in systole. 
0 I can fully confirm Aris tow's result. The contractions get feebler 
| , and feebler, but always rise from the base line of the relaxed heart. 
; This holds when the circulation is intact as well as for the excised 
| empty heart; and it is well seen when the contractions of auricle and 
ventricle are separately recorded. But we have still to consider 
whether under special conditions “heat tetanus” of the heart can be 
obtained. And this is evidently a part of the more general question 
whether the cardiac muscle is capable of entering into true tetanus at 
all, that is, whether by any means the beats may be made to succeed 
each other so rapidly that they are fused into a continuous contraction. 

E. Weber! saw a circumscribed contraction of the frog’s heart 
around the electrodes when a strong interrupted current was passed 
through it. 

Ludwig and Hoffa“ confirmed Weber's observation, but could 
never find a true tetanus. 

Heidenhain’ describes the phenomenon as a “ tumultuary tetanus,” 
which seems almost a contradiction in terms. 

Luciani’s “tetanic paroxysm” (tetanischer Anfall)“ has been shewn 
by Kronecker and Stirling“ to be probably artificial, and need 
not therefore be considered as an example of tetanus. 

Aubert’, from whom, not being able to consult the original memoirs, 
I have borrowed several of the references in this paper, concludes that a 
tetanus of the cardiac muscle analogous to that of skeletal muscle has 
not been observed. 

Kronecker’ denies the existence of a true tetanus of the heart. 
He considers that all forms of so-called tetanus are really a tonically 
strengthened systole. 

Löwit“ agrees on the whole with Kronecker, although he found 


1 Wagner's Handwörterbuch d. Physiol. Ut. 2, p. 36, 1846. 

2 Zeitschrift f. rat. Med. . p. 107, 1850. 

3 Arch. f. (Anat. u.) Physiol. 1858, p. 479. 

* Sachs. Berichte, 1873, p. 1. 

5 Ludwig's Festgabe, 1874, p. 173. 

6 Hermann’s Handbuch, Bd. 1w. 1. 

7 „Das charakteristische Merkmal der Herzmuskelbewegung,” Beitriige zur Anat. u. 
Physiol., Leipzig, 1874, p. 185. 
8 Pfliiger’s Archiv, Bd. xxv. p. 399, 1881. 
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that his ventricle preparation, under the influence of atropia or his 
alkaline fluid, went into a tetanus-like condition. 

Gaskell’ found that alkaline solutions caused a kind of systolic 
standstill, but this was not to be considered a tetanus, but rather a 
change corresponding to the “idiomuscular contraction.” 

Cyon’ and Aristow’ stated that stimulation of the heated heart by 
the interrupted current caused tetanus. From my experiments on 
stimulation of the auricle and sinus I think this statement must be 
qualified by a reference to the part of the heart which is stimulated and 
the strength of the stimulus. There is no doubt that by stimulating 
the heated ventricle with a strong interrupted current and in many 
cases by stimulating any part of the heated heart a tetaniform 
condition may be got, the separate contractions being completely or 
almost completely fused, or at least following each other so quickly that 
they have not time completely to relax, so that the curve shews a series 
of rapid small contractions rising from a base line corresponding not to 
complete diastole but to partial systole. As we know that heat reduces 
the refractory period enormously, there is really nod priori reason to 
doubt that a true fusion of the cardiac contractions may be in this way 
obtained. And this seems to be the only condition in which anything 
approaching a true tetanus can be got in the heart. But it is very 
different from a heat-tetanus, that is a tetanus caused by an increase 
in the frequency of the rhythmical contractions by heat without 
external stimulation. A true heat tetanus in this sense does not exist, 
so far as my experiments go; and I have used at least 200 frogs, most 
of the experiments, indeed, not being specially directed to this point, 
but nearly all of them incidentally involving it. 

When, however, the heart is acted on by the constant stimulus 
associated with a high endocardiac pressure, the conditions, when it is 
heated, are different from those in the empty heart and the heart in situ. 
I, therefore, made a few experiments on this point. 


The effect of heat on the heart under a high endocardiac pressure. 


A double cannula was tied into the inferior vena cava, and connected 
with a frog manometer and a pressure apparatus containing normal 
saline solution. The temperature of the solution could be varied at will. 
A vessel arranged to slide on a stand below the heart was filled with 


1 This Journal, m. p. 48. 
2 Loe. eit. Loc. cit. 
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saline solution at the particular temperature to which it was desired to 
expose the heart. The vessel was then slid up the stand till the heart 


was immersed. The temperature of the solution in the vessel could 


also be gradually raised. In this way the heart could be subjected 
either to a gradual or a sudden increase of temperature. The arrange- 
ment was practically that of Cyon. But my experiments, exclusively 
on the effect of endocardiac pressure on the phenomena of heat 
standstill, regarded only the modifications caused by such pressure in 
the action of heat on the heart; his were directed to the effect of the 
change of temperature alone without special regard to the pressure, 
which was merely an incident of his method of recording. 

Another set of experiments, not many, it must be said, but still 
agreeing sufficiently well, was made in the same way on the “apex” 
preparation. 

The results may be stated as follows : 

1. When the heart is distended with liquid at a high 
pressure (20—40 c.m. of normal saline), and is then heated, a 
stage of imperfect “tetanus,” in which a series of rapid small 
contractions is superposed on a more lasting contraction, 
which one does not know whether to call tonic or tetanic, 
precedes the relaxation into diastolic standstill When the 
temperature is lowered the heart again begins to beat, 
unless it has been heated more than is sufficient to produce 
this standstill. | 

2. When the apex has been brought to beat rhythmically 
by being distended with salt solution at a high pressure 
(20—30 c.m., or more, of salt solution), and is then heated, or 
when, although quiescent before the heating, it begins to 
beat when the temperature is raised, it behaves like the 
distended heart; but goes into standstill in the relaxed 
position at a lower temperature. The higher the pressure, 
the higher is, as a rule, the temperature at which the apex 
goes into heat standstill The preparation generally begins to 
beat again when the temperature is reduced, without requiring any 
external stimulus; but such a stimulus may be needed. 


The following two experiments on the apex preparation may be 
quoted as a specimen. 


Experiment, Jan. 16, 1891. 
Apex preparation on double cannula. Pressure raised at intervals from 
6 c.m. to 19 c. m. in the course of an hour; but the preparation had not then 
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begun to pulsate, although it always contracted on stimulation with weak 
induction shocks. 

Now immersed in saline at 32°C. It began to beat, and continued 
beating when it was allowed to cool to the temperature of the room (7°C.)’. 
The rate at this temperature was 5 beats per minute. 

Now immersed in saline at 35°C. The beats increase in strength, but 
especially in rapidity. Soon complete relaxation does not take place, the 
beats being superposed on a lasting contraction, Then comes a short stage 
where no separate beats can be detected, the preparation being in a state of 
extreme contraction. Soon this contraction gives way, and the apex remains 
quiescent in the relaxed condition. The warm solution being now removed, 
the apex soon begins to beat again, pretty rapidly at first, then more slowly. 

When the preparation, as it is beating at the temperature of the room, is 
immersed in solution at 40° C., the stage of increased rapidity of beat and tonic 
(tetanic?) contraction gives place more quickly than at 35°C. to standstill in 
relaxation. On removal of the saline it soon recommences to beat. 

After a short immersion in solution at 44°—45°C. the preparation was 
still able to beat on removal of the solution, but not until it had been 
stimulated with weak induction shocks; and when contraction did begin, 
it was confined to the parts farthest from the very apex. The actual apex 
was dead; it did not beat any more even when directly stimulated. And 
the rest of the preparation never relaxed quite as much as before the last 
immersion, but was always crumpled, as if partial heat rigor had taken 
place. 


Experiment, Jam. 19, 1891. 


Apex. Pressure of solution 9c.m. Begins to beat in 2 or 3 minutes 
after being put on cannula. Rate 8 per minute at temperature of room. 
Immersed in solution at 38°C., it immediately stops beating in diastole 
without any preliminary quickening. 

Saline removed after 10”. Apex at once commences to beat fast—rate 
16 per minute. After an interval of 1 minute it was immersed in solution at 
34°C. ; stopped in relaxed state after one or two beats. 

Saline removed after 10“. Recommences beating at once. After an 
interval of 1 minute, immersed in solution at 32°C. Standstill in diastole 
after several beats. The solution is removed after 25”; but preparation does 
not begin beating till 30” later. After an interval of 3 minutes it is beating 
very slowly with long pauses. 


This was not the room in which the experiments of Section I. and many of the other 
experiments were done. It is necessary to explain this, as the low temperature of the air 
does not correspond with the limits of room temperature given in Section I, The weather 
was very cold at this time, 
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Immersed in solution at 41 C. during a pause. No beat is given; and it 
remains relaxed for 15” after removal of saline. 

Pressure now increased to 20c.m. The systole is much more prolonged 
than at former pressure. The contraction gives one the impression of a slow 
determined lift against the high pressure. It gives way gradually and as if 
with reluctance. (This is very characteristic of the beat under high pressure 
not only in the apex preparation but in the whole heart, where, however, 
the stress of the systole falls on the ventricle.) 

Immersed in solution at 38°C. Commences to beat more quickly, then 
passes for a short time into a strong tonic (tetanic?) contraction, superposed 
on which rapid small beats may be seen. Then it relaxes completely but 
almost at once passes again into a similar contraction; then relaxes and 
stands still in diastole. All this takes place in 30”, at the end of which 
time the solution is removed. 20” later the apex recommences to beat. It 
is decidedly more difficult to obtain heat standstill in diastole than at the 
lower pressure at the beginning of the experiment. 

Pressure now made 22‘5c.m. The apex is in standstill in the relaxed 
state. Immersed in solution at 36°C. In about 5” a strong contraction 
takes place, which lasts a little time and then relaxes. Then follows a 
contraction of the same kind, which relaxes; and the apex stands still in 
diastole. The contraction is peculiar. It begins very slowly and gradually ; 
then jumps suddenly to its maximum. In 15” after the removal of the 
solution the preparation again commences to beat. 

Pressure reduced to ll cm. The apex beats slowly. Immersed in 


saline at 40°C. during diastole. For 10” it remains in diastole. Then 


follows a strong contraction which maintains itself for some time, with 
quick small contractions superposed on it. This relaxes, and is followed 
by another contraction of the same kind, and then standstill in diastole. 

Saline removed, and, in 20” after, the preparation begins to beat well. 
Immersed in solution at 35°C. during diastole, it remains relaxed for a few 
seconds, Then comes a strong and long-continued contraction with small 
contractions superposed, followed by diastolic standstill. Recommences to 
beat after removal of solution. 

Pressure now made 30c.m. The preparation is already somewhat 
contracted and never relaxes as much as before. Immersed in saline at 
39°C. The only effect of this is to increase the permanent contraction a 
little. The preparation is now nearly inexcitable. 


In this experiment it will be seen that at first, with a comparatively 
low pressure (9 e. m.), the tetaniform condition was not obtained, that is 
to say the continually acting stimulus was too weak to resist the 
tendency of the apex to stop in diastole in the warm solution, When 
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the pressure was increased, the stimulus became so strong or the 
excitability of the distended preparation so great—for it does not 
matter in which way we express the effect of the pressure—that it 
became able to prevent immediate standstill, and, acting on the heated 
tissue, to cause strong and comparatively lasting contraction, sometimes 
even inducing a second spasm just after the first had for a moment 
relaxed. 

It would also seem that in the course of the experiment the 
excitability became permanently increased, for after a time a pressure 
of 11 cm. was enough to give the characteristic contraction, although at 
the beginning a not much lower pressure was insufficient. 

As to the influence of the manner of heating, whether sudden or 
gradual, a word or two may be said. 

Marchand’ found that in the complete empty ventricle sudden is 
more certain than gradual heating to cause the appearance of pulsations 
if the ventricle is not previously beating, although, if contractions are 
already present, there is no difference. In the empty apex neither 
sudden nor gradual warming ever caused pulsations. 

Cyon found that sudden heating is more favourable than gradual 
heating for the appearance of tetaniform contractions, 

This is possibly true for the beart under a low pressure; but I do 
not find that the empty heart is affected much by the manner of 
heating; a tetaniform contraction is not caused in it by sudden any 
more than by gradual rise of temperature. Again, when the endocardiac 
pressure is high either sudden or gradual heating will cause such a 
contraction. But “gradual” does not here mean slow heating, but 
merely heating which is not abrupt and therefore not of itself likely to 
act as a stimulus. When the pressure is low, it would be expected that 
the stimulating action of a sudden rise of temperature might be able to 
determine the tetaniform contraction in a heart already disposed to it 
by moderate distension. When the internal pressure is high, however, 
it may override the influence of the manner of heating, because the 
distension is itself sufficient to determine the contraction, as soon as the 
favourable temperature is reached, apart from any extra stimulus. But 
since the tetaniform contraction is evidently exhausting and does not 
last more than a comparatively short time, and since a high temperature 
is also in the end harmful to the tissue, it is clear that when the heating 
is slow the energy of the heart may be frittered away, so to speak, in 


1 Pfliiger’s Archiv, Bd, xvm. p. 511, 
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gradually quickened single beats instead of being concentrated in one or 
two dead-lift spasms, and the stage of “ tetanus” may be slurred over. 

To sum up the results of this section, it would seem that heat 
tetanus of the heart does not really exist. The intact heart, the empty 
excised heart, and the perfused heart beating under low endocardiac 
pressure go into heat standstill in diastole without a preliminary stage 
which can be called a tetanus. And although under a high endocardiac 
pressure a preliminary tetaniform condition can be obtained, this, even 
if the name of tetanus be granted to it, is not a heat tetanus any more 
than the tetaniform condition caused by direct electrical stimulation of 
the heated heart. For in both cases the condition depends upon 
extraneous or artificial stimuli, the action of which is favoured by heat. 
In any case the tetaniform condition in the distended heart is transient, 
and is succeeded by the true diastolic heat standstill. 

So much having been said as to the phase of the cardiac cycle in 
which the standstill occurs, we have now to consider its real nature and 
cause. Various explanations of it have been given. Cyon“ considered 
that in certain circumstances the diastolic heat standstill might be due 
to stimulation of an inhibitory mechanism by a sudden rise of tempera- 
ture. Aristow“ pointed out in opposition to this, that the standstill 
was obtained all the same in a heart poisoned by atropia; and he 
further objected that sudden cooling ought equally to act as a stimulus 
to the inhibitory mechanism, if Cyon’s explanation were correct. He 
also supposed, as has been already said, that the inhibitory mechanism 
was weakened or paralysed at high temperatures. I have no doubt that 
Aristow is right in denying that heat standstill is due to stimulation 
of an inhibitory mechanism, but his second objection is inconclusive and 
his third is erroneous. The inhibitory power of the vagus is rather 
increased than lessened at the high temperatures; and it is quite 
possible that a sudden rise of temperature might cause inhibition by 
stimulating an inhibitory apparatus, and yet that a sudden reduction of 
temperature, although equally fitted, qua stimulus, to excite that 
apparatus, might fail to do so because there was sufficient time for the 
low temperature before inhibition could be produced to diminish the 
activity of the inhibitory mechanism. Nevertheless, Aristow is right 
when he says that Cyon’s theory is wrong. 

We come now to Aristow’s own theory. He concluded that because 
the cardiac muscle was still excitable to direct stimulation in the stand- 


1 Loe, cit, 2 Loe, eit. 


4. 
~ 4 4 
„ 
* 
‘ 
| 
| « 
i 
| 
4 
i 
| 
| 
| 
| 
| 


HEART AND TEMPERATURE. 129 


still, the cause of the standstill could not be the inability of the muscle 
to contract, and must therefore be due to paralysis of the motor ganglia. 
Luchsinger and Ludwig also favoured this view. We know that such 
a temporary paralysis and subsequent restoration of nerve cells in the 
central nervous system can be caused by raising and lowering the tem- 
perature’, And at a time when the ganglia were still looked upon as 
an essential factor in the maintenance of the rhythm of the heart, 
nothing was more natural than such an explanation. But the import- 
ance of the ganglia in this relation diminished when it was known that 
the ganglion-free apex of the frog’s heart could pulsate rhythmically 
under certain conditions when isolated from the rest of the organ by 
section“; that the apex which was still anatomically connécted with the 
heart but brought to rest by the crushing of an intermediate zone of 
tissue’ could also be caused to beat again with a rhythm of its own, 
particularly by raising the pressure inside the heart; that the heart 
preparation of Luciani‘ and Rossbach’, although it contains ganglia, 
remained in standstill for some time after isolation from the higher 
parts of the heart, and was affected by internal pressure and nutritive 
liquids of different kinds much in the same way as the ganglion-free 
apex ; and that the isolated ventricle of a heart from which Bidder’s 
ganglia had been removed could also be brought to rhythmical pulsa- 
tion’. We know further that the bulbus aortae in the frog can, as 
already mentioned, be made to pulsate’; that strips of the ventricle of 
the tortoise*, also free from ganglia, can be made to beat rhythmically ; 
that the rhythmical contractions of the smooth muscle of the ureter of 
the rabbit and dog are affected by distension much as the cardiac 
muscle is“; and finally that even ordinary skeletal muscle can contract 
in a rhythmical manner under the stimulus of a certain tension and in 
certain saline solutions“. 

1 Luchsinger, Zur Physiol. d. irritabeln Substanzen, Bonn, 1879. 

* Bowditch, Sachs. Berichte, Deo. 1871; Kronecker, Op. cit.; Merunowicz, 
Ludwig's Arbeiten, 1875, p. 182; Stiénon, Arch. f. (Anat. u.) Physiol. 1878, p. 263; 
Gaule, Arch. f. (Anat. u.) Physiol. 1878, p. 291. 

Bernstein, Centralblatt f. d. med. Wiss., 1876, p. 385; Bowditch, this Journal, 
1. p. 104; Aubert, Pfliiger’s Archiv, Bd. XXIV. p. 355. 

Sachs. Berichte, 1878. 

5 Ludwig's Arbeiten, 1874, p. 90. 

* Léwit, fager Archiv, Bd. xxv. p. 399, 1881. 

7 Engelmann, loc. eit. 

® Gaskell, this Journal, rv. loc, cit. 


* Luchsinger and Sokoloff, Pfliiger’s Archiv, Bd. XVI. p. 464. 
% Biedermann, Sitzungsber. d. Wien. Akad. Bd. LXXIII., 1880. 
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To-day we place the cause of the normal rhythm of the heart in the 
cardiac muscle. To-day, therefore, we must translate the theory of Aris- 
tow into more modern language, and we must look for an explanation of 
the heat standstill, not in a temporary failure of automatic ganglia, but 
in a temporary failure of the rhythmical power of the muscle itself. In 
what this failure precisely consists we can only know when we know in 
what essentially the rhythmical power consists. Conversely, we may say 
that the cause of the rhythm of the heart lies hidden among the condi- 
tions the removal or alteratioa of which is followed by standstill. If we 
know why the heart stops, we may say that we know why it beats. All 
we can say at present is that it beats because the rhythmical power of 
its muscle is sufficiently great, and stops because that power has been 
diminished. The experiments on the heating of the “apex” prepara- 
tion shew, as was to be expected, that the heat standstill of the ganglion- 
free cardiac muscle differs in no essential respect from that of the entire 
heart. 

One thing is clear, it is not the power of the muscle to contract but 
its power to contract spontaneously which is lost. The starting point 
of the rhythmical contraction of the frog’s heart is normally the sinus 
tissue. When the temperature is only sufficiently high to cause the 
ventricle to stop, it may be said that the reason of the standstill is, to 
use Gaskell’s phraseology, the depression of conductivity at the 
auriculo-ventricular junction or the diminished excitability of the 
ventricle. The contraction power is not lost, for direct stimulation will 
cause the ventricle to beat. The sudden manner in which beating often 
begins when the heart in cooling comes spontaneously out of the stand- 
still, large contractions occurring at once, would perhaps be in favour of 
the view that the contraction power was strong even during the stand- 
still, but was hindered from manifesting itself by defect in other pro- 
perties of the cardiac muscle. Again, when both auricle and ventricle 
have stopped and the sinus is alone beating, the same terms may be 
applied, not to explain, for that they cannot do, but to describe what has 
happened. Finally, when the sinus has stopped beating and the whole 
heart is at rest, it may be said that the rhythmical power is in abeyance. 
But there is not the least logical reason why the stoppage of the whole 
heart should be taken as the point at which the high temperature has 
first affected that property of the muscle on which the rhythmical power 
depends. The independent rhythm of the ventricle when it has been 
developed by distension with liquid or by tightening the clamp in the 
auriculo-ventricular groove, and the independent rhythm of the apex 
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are also paralysed by heat and restored by cooling, and so is the rhyth- 
mical power of the bulbus aortae. Not only so but the rhythmically 
contracting sartorius has its favourable limits of temperature, and may 
be said to have its heat standstill. So, doubtless, would it be with the 
rhythmically contracting ureter. The pulsations of the veins of the 
bat’s wing cease at a high temperature in diastole’. Nor are there 
wanting analogous conditions far beyond the limits of rhythmically con- 
tracting organs and tissues. The amoeba has its heat standstill". So 
have the Rhizopods investigated by Schultze“ and Kühne“ And 
according to the same observers even the protoplasmic movements of 
plants shew a similar effect. The movements of the leaves of Hedysa- 
rum gyrans stop at a temperature of about 48°, and return on cooling’. 
Even glandular tissue is capable of being put into a state quite analo- 
gous to heat standstill. The sweat glands, for example, in man and the 
cat are temporarily paralysed at low and at high temperatures“. Kühne 
has, indeed, used the term “heat tetanus” to describe the phenomenon 
in these lowly organisms and particularly in the amoeba. This “heat 
tetanus” may be really “a contraction which causes a constant change 
of form lasting for a long time and shewing the same appearance as is 
brought about by tetanising with induction shocks” ; or it may only be 
a preliminary and passing stage, which is soon replaced by heat paralysis. 
Kühne has given some reasons for regarding the drawing in of the 
pseudopodia and the assumption of the spherical form as the expression 
of a state of active contraction; but he has given no reasons which 
make it unlikely that heat paralysis, which everywhere else succeeds 
such a state of heightened activity, follows rapidly on the heels of this 
contraction. Such a paralysis would not be shewn by any change of 
shape in an amoeba already in the spherical form. For why should the 
amoeba in complete paralysis relax in one direction more than in 
another, if the amoeba in complete contraction does not contract in one 
direction more than in another ? | 
All these phenomena are evidently connected. There is in‘all, with 
the possible exception, if it is an exception, of Kühne's “heat tetanus,” 
a depression of functional activity connected with a high temperature 
stopping short of that sufficient to kill the tissue, just as there is a 


1 Luchsinger, Pfliiger’s Archiv, Bd. XXVI. p. 445, 1881. 

* Kühne, Untersuchungen über das Protoplasma, 1864, p. 45. 

Das Protoplasma, 1863. 1 Op. cit. 

5 Mentioned by Luchsinger, Pfliiger’s Archiv, Bd. xvIII. p. 478. 
* Luchsinger, Ibid, 
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depression of functional activity by extreme cold. Is this due imme- 
diately to a chemical or to a physical cause? Is the diminished 
metabolism associated with the depression at low temperatures also 
associated with that at high temperatures ? 

We know especially from the researches of Pfliiger and his pupils 
that for a long range the amount of metabolism of the tissues increases 
with the temperature. Is this increase checked or changed into a 
decrease as the temperature of heat standstill is approached, or is the 
physical condition of the heated tissue, in spite of an active metabolisin 
unfavourable to rhythmical contraction ? 

Regnard found that in excised muscle the production of carbonic 
acid increased rapidly from 20° C. to about 40° C., and at higher tempe- 
ratures declined. This and the fact that sometimes the heart can be 
roused from the standstill by stimulation of the sympathetic, which is 
supposed to render the destructive metabolism easier, perhaps rather 
support the first view, that the over-heated heart is no longer able to 
beat spontaneously because the metabolism of the muscle, or at least 
that portion of the total metabolism which is specially connected with 
the high effort of rhythmical contraction and is the preliminary to it, is 
no longer adequate. If it be objected that at low temperatures the 
total metabolism must be even less, and yet that the heart is able to 
beat and to beat well, though slowly, there is perhaps something to 
urge in reply. The portion of the metabolism which for a want of a 
better name, we may call the chemical “waste,” the portion, that is, 
which does not contribute to the keeping up of the contractions but 
which goes on merely because the tissue is a living tissue, whether it is 
functionally active or not, and therefore is subject to constant dissocia- 
tive processes dependent on the temperature as well as to the periodic 
decompositions which depend on the inner nature of the tissue in relation 
to the temperature and other external conditions,—this chemical “waste” 
must be exceedingly slight at very low temperatures, and must increase 
within Lertain limite as the temperature rises; so that at the low 
temperature, what metabolism there is is nearly all directed to the pro- 
duction of the beat, while at high temperatures it is nearly all “ waste.” 

But it is also possible, and, so far as I know, there is no evidence 
which would enable us to decide the question, that the physical condition 
of the heart at the high temperature, the increased irregular vibration 
of the molecules, is unfavourable to that definite and ordered relative 
movement which we must suppose the individual molecules, or groups 
of them, to make when the muscle contracts, so that the contraction 
can no longer be performed without a special external stimulus, 
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After this was written, Engelmann's“ statement that the position 
in which cilia come to rest in the temporary heat standstill is that of 
strongest forward flexure, was pointed out to me. This seemed to 
indicate a tetanic condition, aud cilia appeared therefore to form an 
exception to the general rule that the heat standstill in contractile 
tissues is a state of paresis and not a state of excitation. On looking 
further into the matter, however, I found that Engelmann“ took the 
view that the position of relaxation of cilia from the frog’s mouth was 
the position of forward flexure. 

On the other hand, Kühne“ describes the cilia of the gills of 
Anodon as stopping in the straight position in an atmosphere of H, or 
in air containing much CO, or NH, And he considers that this proves 
that the standstill caused by NH, is not tetanic “as the analogy of the 
ammonia-tetanus of muscle might lead one to expect.” So that for 
Kiihne the position of forward flexure in heat standstill would indicate 
a tetanic condition. 

Considering the rapidity of ciliary motion and how entirely inex- 
haustible the energy of the cilia or of the ciliated cells seems to be, it 
seemed not unlikely that with a favouring rise of temperature the 
rapidity should so increase that ultimately the separate contractions 
would be blended together and a condition of true heat tetanus result. 
There is, indeed, no contractile tissue in which the conditions would 
seem so favourable for the production of such a tetanus. 

I have made some observations on the subject which may as well be 
described here, althaugh i#’is rather a digression from the main purpose 
of the paper. 


THE HEAT STANDSTILL OF CILIA. 


After examining with some care the behaviour of the cilia of the 
gills of Anodon and of the buccal epithelium of the frog and toad on the 
hot stage, I cannot find any evidence of a lengthened period of 
removable heat standstill which can properly be called a heat tetanus. 
On the contrary, so far as I have seen, the temporary heat standstill, 
which undoubtedly can be obtained with great ease in the case of the 
frog’s cilia and with less certainty in those of Anodon, corresponds to 
the diastolic standstill of the heart; it is a standstill of relaxation and 
not of contraction, or at least not of maximal contraction, although it 


1 Hermann’s Handbuch, Flimmerbewegung. 
Over de trilbeweging, Nederland. Arch. ux. 2, p. 804; Henle’s Bericht 1867, p. 84. 
3 Arch. f. mikroscop. Anat. u. 1866, p. 872. 
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may be preceded by a condition of very rapid contraction and strong 
forward flexure approximating to the tetanic state. 

When a scraping from the gills of Anodon, or a piece of a gill with 
the ciliated cells in situ, is heated gradually in normal saline or in the 
water from the mussel itself, the ciliary motion, of course, increases at 
first in rapidity, so that it is quite impossible to follow the individual 
cilia. But, as the temperature is still raised, it is seen that in some 
parts (heat standstill does not occur simultaneously in all the cells) the 
cilia slacken and then stop in a position not at right angles to the 
ciliated surface, but sloping somewhat in the direction of the stream, i.e. 
in the direction of forward flexure. If now the stage is cooled it will be 


_ seen that these cilia, or certain tracts of them, begin gradually to get 


into motion again. And while the motion is still slow, or at the very 
first lash, it may be seen that the cilium starts from its flexed position 
and lashes forward, flexing itself still more, and then returning to its 
former position. During the heating an immense number of the rounded 
ciliated cells get detached. This happens far more easily in Anodon 
than in the frog. These cells move with great rapidity, and spin 
round and round, seething about the ciliated border. The effect of 
temperature can be readily studied by following one of these isola- 


ted cells. In the heat standstill the sheaf of cilia attached to one 


end of the cell may in many of them be seen to be bent in two 
directions, rather strongly away from the direction in which they lash 
where they join on to the cell, and more slightly in the forward 
direction towards their free ends. When they recommence their motion 
they may be seen to lash in the direction of the smaller flexure. In 
some of the cells, after heating and again cooling, the cilia seemed to be 
permanently bent from all sides towards the body of the cell like the 
legs of a crab, and they lashed towards the body in the direction of 
flexure. Heat standstill in these was seen to take place in a position 
farther away from the cell body than the position of maximum forward 
flexure during the motion. In other cells the cilia stuck nearly straight 
out in heat standstill, with only a slight forward eye far less than 
the maximum flexure during motion. 

In some cells, after heating, the bunch of cilia 8 permanently 
curved like a hook, this curvature not being removed by cooling. On 
cooling, the cilia began to lash in towards the concavity of the hook, 
and on being again heated to the temperature of standstill, they were 
seen to relax just to the line of the permanent curvature. 

In the cilia of the frog and toad it is certainly easier to obtain 
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removable heat standstill than in Anodon. For in the mussel, even with 
careful heating, the cilia of many cells do not recover their motion once 
it has been completely stopped, while in the frog’s * standstill can be 
again and again induced and removed. 

The cilia here are, as in Anodon, generally 15 somewhat in the 
forward direction during the standstill, but are sometimes nearly straight. 
In one observation the cilia of a cluster of cells were moving rather 
slowly at the ordinary temperature and lashing downwards, coming into 
and going out of focus according to the phase of movement. On 
heating, the movement was, of course, quickened, but the coordination 
was impaired, the cilia did not move so well together as before, and a 
sort of boiling motion was caused. When heat standstill was brought 
on the cilia rose up like a bunch of tangles in a wave, so that it was 
now necessary to focus up in order to see them clearly. On cooling, 
they began to lash down again, and it was now necessary to focus 
down in order to follow them. This was repeated again and again. 

When the edge of a group of cells is looked at, it is seen that in 
temporary heat standstill the cilia are always flexed to some extent, but 
the angle between the direction of the cilia and the tangent to the 
surface is larger than that between the direction of the cilia and the 
normal to the surface. During motion, in the position of maximum 
flexure the latter angle is greater than the former. 

In one observation most of the cilia along the edge of a group of 
cells were at rest at the ordinary temperature before the preparation 
had been heated at all. Others were working. When the temperature 
was now raised it was noticed that the slope of the cilia originally at 
rest was neither more nor less than that at which the active cilia came 
to rest in heat standstill. It was impossible to tell by the amount of 
flexure which groups had been originally at rest and which had been 
originally active. There was no doubt that the flexure was less than 
the maximum flexure during motion. 

Spermatozoa (guineapig). It is difficult to know what position the 
tail of a spermatozoon ought to take up in the tetanic state. In heat 
standstill the tail takes up various positions. In a single specimen 
some of the spermatozoa have the tail strongly flexed to one side and 
curved towards the head; others have it curved into a complete loop at 
the free end; in some it is slightly flexed to one side, and in others it is 
almost straight and in line with the long axis of the head. It seems 
more ‘difficult to obtain temporary heat standstill than in the frog’s 
cilia, At comparatively high temperatures the spermatozoa still move 
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with extreme rapidity and energy. It seemed as if those which came 
to rest with the tail in the position of simple lateral flexure were most 
likely to recover on cooling. 

Spermatozoa paralysed at the ordinary temperature by the vapour 
of a mixture of chloroform, ether and alcohol in equal proportions have 
the tail generally slightly bent to one side, but in some the lateral 
flexure is very considerable, and in others the tail is straight in the long 
axis of the head. 

On the whole, while admitting that cilia from their great 
power of prolonged activity would be expected, if any tissue 
would, to shew a true tetanic heat standstill, I find no 
reason to doubt that, as in other contractile tissues, the 
removable heat standstill is ultimately of the diastolic type, 
that is a paresis and not a tetanus. 

If the temporary heat standstill is not in the position of maximum 
forward flexure, ie. is not tetanic, the question arises whether the 
position of permanent heat standstill corresponds to the contracted 
position of a skeletal muscle or to the position of the heart in heat rigor. 
If so, when the temperature is raised sufficiently above that required to 
cause temporary standstill there ought to be a distinct increase in the 
amount of flexure. I have not, however, been able to observe any 
marked change in this respect. Further, when the frog’s cilia are 


_ paralysed with chloroform, ether and alcohol vapour, they come to rest, 


as Kiihne has said, in a more or less straight position, although on 
some cells they are in the position of forward flexure, generally not 
flexed so much as in temporary heat standstill, but sometimes as much. 
If the temperature is now raised to the height necessary to produce 
permanent heat standstill in a normal preparation, no increase in the 
flexure of the cilia can be seen. Apparently then maximal flexure is 
not necessarily the position of permanent heat rigor. 


2. The effect of a low temperature on the heart. 


Complete standstill of the heart at a low temperature has been 
described by several observers. In my experience it is very seldom 
obtained with the suspended heart even at 0°C.; so that I have nothing 
whatever to say about the cold standstill. But there are one or two 
points in the behaviour of the cooled heart, which are brought out 
by my tracings, to which it may be worth while to devote a few 
words. 
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(1) In the first place, at low temperatures the tone of the heart 
and particularly of the ventricle is decidedly increased. Although the 
contractions are so slow, the relaxation is less than at the ordinary or at 
higher temperatures. 

_ (2) The beats at low temperatures are large and vigorous, although 
slow. It is often stated that a low temperature diminishes the size of 
the beat, and no doubt this is so for a temperature bordering on that at 
which the heart stops in cold standstill. But the contractions are often 
quite as large at a temperature a degree or two above zero as at the 
ordinary temperature. 

(3) In most of the tracings (Fig. 20 e.g. „ just after the point 
where a low temperature is marked, there is a descent in the ventri- 
cular curve broken by two, three, or more contractions much smaller 
than those which precede and follow them, and relaxing only imper- 
fectly. The appearance suggests that the ventricular lever had in some 
way been accidentally disturbed; and the first time I noticed it, I 
thought that a piece of ice might have come in contact with the thread 
attaching the apex to the lever. But it was soon evident that there was 
nothing artificial in the curve. The explanation is, I suppose, as follows. 

The ventricle being downwards in the suspended heart, the cold 
solution first came in contact with it, and the point at which the 
temperature is marked on the tracing indicates the time at which the 
solution had just reached the ventricle. It reached the auricle a little 
later, the interval depending on the rapidity with which the solution 
was being run in. Now it will be seen that in many cases these small 
ventricular beats have precisely the same frequency as the beats 
preceding them, and that they correspond to unaltered auricular con- 
tractions. The ventricle although cooled before the auricle continues 
to follow the auricular lead, and therefore beats at first at a rate more 
rapid than would naturally correspond with the low temperature if the 
whole heat was cooled at once, and the size of the beats diminishes to 
make up for the excessive rate. When the auricle and sinus are 
reached by the cold solution, the ventricle, having now to respond 
much less frequently, does so and with a much larger contraction. 

Occasionally it is seen that just after the application of the cold 
solution both auricle and ventricle beat more frequently than at the 
preceding higher temperature. This appears to be the quickening 
described by Cyon and Aristow when the heart is very suddenly 
cooled; and is apparently due to some kind of stimulation caused by 
the sudden change of temperature. 
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Section V. THE INFLUENCE OF ENDOCARDIAC PRESSURE ON THE 
ACTION OF THE VAGUS AND SYMPATHETIC. 


Before the great influence which distension of the heart exerts on its 

action was known, various effects were attributed to the solutions used 

to “feed” the heart which are now known to be due wholly or in ‘part 
to the mechanical stretching of the tissue. 

Schiff“ asserted that washing out the heart of the frog with normal 
saline solution made the vagus inactive, and also made stimulation of 
the sinus ineffective as regards inhibition. 

Merunowicz’ considered that even normal saline solution was not 
an indifferent liquid for the heart. 

Löwit“ stated that it was a property of many sodium salts in a 
certain concentration to abolish the inhibitory action of the vagus. 
This effect lasted a long time in the frog; but in warm-blooded animals 
passed quickly off. 

Luchsinger and Ludwig“ repeated Schiff's experiments, and 
came to the conclusion that his result was not due to the saline solution 
but to the pressure used in washing out the heart. They found that 
the higher the endocardiac pressure is, the more difficult is it to obtain 
standstill of the heart by stimulation of the vagus. And since they also 
found that the higher the pressure the more rapid and powerful is the 
heart-beat, they explained the failure of the vagus as due to an increase 
of excitability of the heart wall by the pressure. Stimulation of the 
vagus in the greatly distended heart sometimes caused marked quicken- 
ing of the beat. 

Sewall and Donaldson“ found that in the frog and “slider” 
terrapin Luchsinger and Ludwig’s chief result held true. The 
change in the vagus action comes on gradually. But they generally 
found no notable increase of the rate of the heart with increase of 
pressure, as the German observers had found. They concluded that 
“changes of intra-cardiac pressure, when experienced by the ventricle 
alone, are without effect on the cardio-inhibitory function of the vagus”; 
and that “the mechanism through which variation of pressure within 


1 Arch. d. sciences phys. et natur. LIM. Gendve, 1878; Pfiiger’s Archiv, Bd. XVI. 1878, 
p. 202. 
2 Ludwig’s Arbeiten, 1875, p. 148. 
* Pfhliiger’s Archiv, Bd. xxv. p. 482. 
* Pfliiger’s Archiv, Bd, xxv. loc. cit. 
5 This Journal, m. p. 357. 
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the heart can affect the action of the vagus nerve lies largely, if not 
wholly, within the venous sinus.” 

In warm-blooded animals Lustchinsky* found that section of the 
spinal cord caused an increase in the activity of the vagus; and in the 
dog a rise of endocardiac pressure, caused by clamping the pulmonary 
artery or aorta, diminished the inhibitory action of the nerve. 

Schiff* confirmed this. 

My experiments on the subject in the frog and toad lay no claim to 
completeness; but, as they have brought out one or two new points, 
they may be worth recording here. They were made incidentally in the 
course of the work described in Section IV. on the heat standstill of the 
heart under pressure, and in that to be described in Section VI. on the 
electromotive effects of stimulation of the cardiac nerves during stand- 
still. The arrangement was the same as that described in Section IV.; 
but all the experiments on the action of the cardiac nerves on the 
distended heart were made at the temperature of the air, which varied 
at this time from 7 to 10°C. If the work had been done independently, 
it would have been perhaps better to use Roy’s tonometer or some 
modification of it such as Gaskell’s; but it was necessary in the scheme 
of the experiments originally draughted that the heart should be freely | 
accessible, I have not made any experiments in which the temperature 
and the endocardiac pressure were both altered at the same time, 
although in the light of the results of Section L, I now see how inter- 
esting such observations would be. One or two extracts from the record 
of the experiments may be given here. 


Experiment I., Jan. 21, 1891. 
Frog. Cannule in inferior cava connected with pressure apparatus 


Both vagi prepared, and proved to be active. 

Pressure 9 cm. Auricle greatly distended, and stops beating. Ventricle 
beats rapidly. 

Pressure increased to 20c.m. Ventricle still goes on beating. Stimula- 
tion of vagus soon after this increase of pressure causes slowing, followed by 
increase in rate and strength. But after a short time stimulation of the vagus 
causes primary quickening of the beat. 

A peculiar phenomenon was now seen. Regularly after stimulation of 
the vagus a stage appeared where the ventricle gave two contractions for 
each complete relaxation, Starting from relaxation there was first a strong 
contraction which lasted long and then gave way partially, the relaxation 


1 Wiirzburger Physiol. Unters. 2ter Th. 1869, p. 161. 
2 Arch. d. sciences phys. et natur. Gendve 1878, p. 30. 
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being very incomplete and followed by a fresh contraction, which then gave 
place to complete relaxation. This would be repeated five or six times, and 
then the ventricle would go on again relaxing completely after every 
contraction. Occasionally there would be a long standstill in diastole. 


Experiment II., Jan. 22, 1891. 


Frog curarised. Cannula in inferior cava. Right sympathetic and left 
vagus prepared. With pressure null, stimulation of either nerve increases 
rate and strength of beats. 

Pressure 7 5 cm. Before stimulation rate is 12 per minute: after 
stimulation of sympathetic 16 per minute. 

Pressure 39c.m. Rate before stimulation of sympathetic 12 per minute; 
after stimulation 16 per minute. 


Two points in this experiment may be noted. In the first place the 
rate at the very high pressure of 39¢c.m. is the same as at 7˙5 c. m., 
which supports Sewall and Donaldson’s observation that the rate is 
not generally affected by the pressure, in opposition to Luchsinger and 
Ludwig. The other point is that the amount of acceleration produced 
by stimulation of the sympathetic is the same at the two pressures. It 
would be interesting to know whether the activity of the sympathetic is 
quantitatively affected by changes of pressure when the temperature is 
constant, or whether the influence of pressure extends only to the 
inhibitory action of the vagus. My observations are far too few and too 
casual to decide this point. 


Experiment III., Jan. 22, 1891. 

Frog. No curari. Cannula in inferior cava. Right sympathetic and 
left vagus prepared. Pressure null. Stimulation of vagus causes standstill ; 
stimulation of sympathetic, acceleration and increase in force of beats. 

Pressure 39c.m. Auricle greatly distended, and ceases to beat. Ven- 
tricle beats with slow, stubborn contractions which relax at first reluctantly, 
and then suddenly give way. Stimulation of the vagus now causes quickening 
and strengthening of the beat of the ventricle, without any visible effect on 
the greatly distended auricle ; and stimulation of the sympathetic does the 
same. 

Pressure suddenly reduced to 6˙5 m. A long-continued standstill of 
the heart in diastole follows. This standstill can at once be put an end to by 
stimulating the heart electrically or mechanically; and both auricles and 
ventricle then continue to beat. Standstill can be again obtained by again 
increasing the pressure and then suddenly lowering it. At the high pressure 
the first few beats after stimulation of the sympathetic had the peculiar 
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double character described in Experiment I., Jan. 21. But later on in 
the experiment the same phenomenon appeared to follow rapid increase of 
pressure after the heart had been beating for some time at alow pressure. The 
whole ventricle did not relax at the same time, and therefore it was 
puckered for a moment by what might be called “local systoles“ Then 
its surface became smooth again in complete relaxation. 

The diastolic standstill was now again brought on by suddenly lowering 
the pressure; and just after it began, the sympathetic was stimulated. 
After a well marked latent period, the heart began to beat ; and the beating, 
once started, went on a long time, and was increased in rate and strength by 
further stimulation of the sympathetic. The systole was made by the action 
of the nerve far longer than before, but this was more than compensated 
by the shortening of the pause. Sometimes the systole became a sort of tonic 
contraction, occasionally giving way a little and then contracting again. 
This refers to the state of matters for some time after the stimulating 
current was shut off, and therefore the effect could not be due to escape 
of current, 

By raising the pressure and suddenly lowering it again, standstill was 
once more obtained ; and was again removed by stimulation of the sympa- 
thetic. Ultimately, after the heart had been several times exposed alternately 
to high and low pressure, the standstill caused by sudden diminution of 
pressure was no lenger affected by stimulation of the sympathetic, although 
direct stimulation of the heart or increase of the pressure caused it to beat 
again, This is conclusive proof that the results formerly obtained by 
stimulation of the nerve were not due to bad insulation. 

Direct stimulation of the heart under 375 c. m. pressure, when the 
auricle had stopped beating in excessive relaxation, did not cause an 
auricular beat, even when the auricle itself was stimulated, but the contrac- 
tions of the still beating ventricle were quickened and its relaxation lessened. 
When the stimulation was very strong, the systole of the ventricle became 
almost continuous, 


Summary of Section V. The points which I should like to empha- 
size here are the following. 

(1) The activity of the sympathetic in the frog is not 
abolished nor apparently reduced, and is possibly even 
increased, though definite experiments on the last point 
are wanting, by an increase of endocardiac pressure far above 
that which suffices first to weaken and then to destroy the 
inhibitory action of the vagus. 

We have seen that temperature influences the inhibitory action 
of the vagus and the augmentor action of the sympathetic in the same 
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general sense. Endocardiac pressure affects them in a different sense. 
If a rise of endocardiac pressure increases the excitability of the heart 
wall, this increase is bound up with a change of molecular mobility very 
different from that associated with the increased excitability of the 
heated heart. In the heated heart both inhibition and augmentation 
are easier; the stability of the normal action, so to speak, is lessened. 
In the heart under a high endocardiac pressure this stability is increased, 
but with a bias towards augmentation. Part of the explanation lies 
apparently in the continuous stimulation caused by the distension, 
which of course opposes inhibition but not augmentation. 

Sewall and Donaldson's result that it is only by the pressure in 
the sinus that the vagus action is affected is what we should expect 
when the effect of the vagus on the rate is alone considered, for the 
sinus gives the time to the rest of the heart. It is probable, however, 
that increase of pressure in the ventricle alone in the frog would affect 
the power of the vagus to diminish the ventricular contractions. 
Unfortunately it is difficult satisfactorily to record the auricular and 
ventricular contractions of the frog’s heart under pressure in a manner 
which admits of easy interpretation of the curve. 

(2) The increase in rate and strength of the beat which 
was sometimes observed by Luchsinger and Ludwig, and 
Sewall and Donaldson as a result of stimulation of the 
mixed vagus trunk is due to the sympathetic fibres in it. 

(3) Under certain conditions such as a moderately high 
endocardiac pressure, the systole may apparently be length- 
ened at the same time that the rate of the heart is accelerated 
by stimulation of the sympathetic. 

This would be a rather curious point if the lengthening of the 
systole should prove to be constantly produced in the circumstances 
in which I have occasionally noticed it. Baxt’ has shewn that by 
stimulation of the accelerans in the dog the systole is up to a certain 
limit shortened as well as the pause. Before this, the general view was 
that the acceleration only affected the length of the pause. A systole 
lengthened in acceleration seems a paradox. But we must consider 
that the effect of the pressure is of itself to cause a tendency to long 
continued tonic contraction of the heart muscle, which looks like a 
struggle to overcome the pressure. It is evident that the state of 
the muscle will affect its capacity for such contractions, just as the 
amount of the pressure, in a given condition of the cardiac muscle, will 
1 Archiv J. (Anat. u.) Physiol. 1878, p. 122. 
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determine the strength of the peculiar stimulus or incitement to 
such contraction to which the muscle is exposed. If, then, the 
sympathetic causes an increase in the capacity of the muscle to 
transform energy into work this transformation, to restate the view 
urged all along, will take place in a manner determined by the 
circumstances in which the heart finds itself. In the normal empty 
heart or in the heart under a low endocardiac pressure there is no 
tendency for the beats to take the form of tonic contractions; and 
therefore such a tendency is not caused by the action of the sympathetic. 
(The apparent increase of general tone very often seen during augmen- 
tation in the normal heart is quite another thing from the periodic 
tonic contractions of the heart under pressure). The transformation 
of energy is increased on the lines on which the heart is already beating. 
In the heart under a high pressure there is normally a tendency to 
strong tonic contraction, a tendency to struggle, as we have termed it, 
with the pressure. When the sympathetic has increased the capacity 
for work of the heart under pressure, it does not take up a new style of 
beating. It simply increases its rate of working in its own fashion. 
The systolic “struggle” may be prolonged because it is intensified, and 
at the same time the heart may be able to return to the struggle more 
quickly. In the undistended heart we have seen that increase of 
temperature alone has to a certain extent the same effect as stimulation 
of the sympathetic ; the transformation of energy is increased, but the 
type of the beat is not changed. In the distended heart increase of 
pressure alone lengthens and strengthens the systole, just as stimulation 
of the sympathetic may do at a lower pressure, the “tonic” type being 
always maintained. And when a high temperature conspires with a 
high endocardiac pressure, the tonic systole lengthens itself out for a 
little into tetanus or tetaniform contraction. 

_ (4) The standstill in diastole caused by sudden relief 
of pressure is a curious contrast or complement to the 
long-drawn contraction of the frog’s ventricle which Goltz' 
obtained by sudden, strong filling of the heart with blood. 
In the one case the sudden withdrawal of the stimulating pressure 
seems to reader the heart unable for a time to beat, although it can 
beat quite well at the lower pressure when once it starts. In the other 
case the sudden stimulus of distension seems to render the ventricle 
unable to relax for a time, although it is quite able to do so when 
it has once become accustomed, so to speak, to the new conditions. 

1 Arch. f. pathol. Anat. XXI. p. 498, 1861. | 
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. Section VI. Soux ELECTROMOTIVE PHENOMENA OF THE HEATED 
HEART AND THE HEART UNDER PRESSURE. 


if In 1854 Kölliker and Müller“ observed the negative variation in 

15 the active heart of the frog. 

Donders*, Niiel’, Engelmann“ and Marchand“ investigated 

the subject further, the work of Engelmann and Donders being 

specially important. 

| Burdon Sanderson and Page® found that heating of a limited 

portion of the surface of the “resting” heart by radiation from a 

platinum spiral caused the heated spot to become transiently positive 

| towards a normal point. If the heating was carried farther, the 
| positive phase was succeeded by a permanently negative condition of 
| the heated part. 

7 Since this observation of Sanderson and Page's is of interest in 
connection with the electrical behaviour of the heart, when it passes 
into heat standstill, it may be discussed briefly here. There are two 

well known facts which occur to oue in connection with this positive 

variation. 

i (1) The fact discovered by Hermann’ that warmer living 

| _ skeletal muscle is positive to muscle less warm; and (2) the “local 
diastole” already mentioned in a former part of this paper. 

(1) As to Hermann’s observation, Worm Müller“, indeed, 
denied that the observed electrical difference was due to anything more 
if than a thermo-current caused by a change in the electromotive force at 

i the surface of contact of the warmed muscle and the warmed sodium 

| chloride solution of the electrodes, 

1g Hermann, while admitting that a marked change of E.M.F. between 

a0 the Zn and Zn S0, causing a current in the same direction as his 
ii effect, could be produced by unequal temperatures of the electrodes’, 

maintained that there was really an electrical difference between warm 


— — — - 


la 1 Verhandl. der Phys. Med. Gesellschaft in Wiirzburg, vi. p. 529, 1855. 
| 2 Onderzoek Physiol. Labor. Utrecht, 1. p. 246, 1872. 

Hull. de Vl Académie Royale de Belgique, XXXVI. p. 335, 1878. 

4 Pfliiger’s Archiv, Bd. xv. p. 116, 1877; Bd. xvi. p. 68, 1878. 

5 Pfliiger’s Archiv, Bd. xv. p. 511; Bd. xvn. p. 187. 

Proc. Roy. Soc, 1878, p. 410; this Journal, u. p. 384. 

7 Pfliiger’s Archiv, Bd. rv. p. 163. 

Untersuch. aus d. physiol, Labor. in Wiirzburg, Heft rv. p. 183, 

® Pfhliiger’s Archiv, Bd. xv. p. 485, 
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and cold living muscle like that between living and dead muscle. 
Grützner“ confirmed Hermann’s view. 

Although Sanderson and Page do not, in any paper which I have 
had access to, state how they eliminated any possible electromotive 
effect of the heating of the electrode in contact with the warmed tissue, 
yet it is unlikely that their carefully localised heating would affect the 
temperature of the zinc sulphate or the zinc. We may suppose, 
therefore, that the effect was truly a physiological one. But in that 
case was it anything more than Hermann observed in skeletal 
muscle ? 

(2) The possible connection of the effect with the phenomenon 
of local diastole suggests itself here. This condition may be caused in 
many ways, one of which is local heating. When the heating is 
moderate, the condition is transient. With greater heating it becomes 
more permanent. Now this corresponds closely to Sanderson and 
Page’s effect. Moderate heating of a spot on the surface of the 
resting heart causes it to become positive for a few seconds. Moderate 
heating of the beating heart causes a short local diastole which of course 
would be electrically indicated by a transient positive change not only 
with reference to a part in systole but, since the relaxation between two 
beats is normally less than in complete rest, with reference to a part in 
diastole. More severe heating of a limited area of the resting heart 
causes a permanent negative change, preceded it may be, by a momentary 
positive effect, just as in the beating heart greater heating causes a 
permanent change which prevents the affected area from conducting the 
contraction wave, i.e. causes permanent injury, which would be accom- 
panied with a lasting negative change. 

In the beating heart Sanderson and Page observed that moderate. 
heating of the neighbourhood of the auriculo-ventricular groove intensified 
the second phase of the variation (apex negative to base) while heating 
of the apex obliterated or reversed this phase. This effect soon dis- 
appears. This is easily explained on the assumption that in both cases 
the spot warmed remains for some time in local diastole, which is 
precisely what it would do if heated in the way described. I am aware 
that Luchsinger“ explains the local diastole as really a local condition 
of increased excitability of the muscle, so that the systole passes very 
rapidly over it leaving it again in diastole while the rest of the muscle 
is still in systole. But this would not alter the fact that during by far 

1 Pfliiger’s Archiv, Bd. xxv. p. 255, 1881. 
2 Pfliiger’s Archiv, Bd, VIII. p. 556. 
PH. XIII. 10 
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the greater part of the contraction of the rest of the muscle the heated 
spot would be in diastole, and the galvanometer indication would 
depend on the average state of the area. But how will this explanation 
apply to the resting heart? It will not apply unless it is possible that 
the heated portion of the heart can relax somewhat more than the rest. 
Now we know that when the beating heart is heated the relaxation 
between the beats may be increased, and when the heart goes into heat 
standstill the tone is apparently as much diminished as it is in vagus 
standstill at the ordinary temperature. But in vagus standstill the 
relaxation seems to be greater than in the resting non-inhibited heart. 
So that in the heat standstill the relaxation is probably greater than in 
Sanderson and Page’s resting heart. Now although it may not be 
allowable to call the local diastole caused by heating a portion of the 
beating heart, a local heat standstill, the fact that in the resting heart 


these observers found that a longer exposure with the spiral at the same 


distance as sufficed with a short exposure to cause the positive effects 
brought on the permanent negative effect indicating permanent injury 
to the tissue, shews that there must have been, even with the shorter 
heating, a very considerable increase of the temperature, possibly 
enough to cause heat standstill if the Fhole contracting heart were 
exposed to it, but in any case sufficient to bring about a portion of 
the increased relaxation which the temperature of heat standstill would 
presumably cause. If this is the case, the heated spot in the resting 
heart would naturally tend to become positive towards an unaffected 
point. So that it is perhaps possible to explain Sanderson and 
Page’s result in the resting heart without having recourse to 
Hermann’s effect. Their results in the beating heart seem undoubtedly 
to be connected with the local diastole. But is there any chance that 
even in the locally heated skeletal muscle a condition analogous to that 
of local diastole, a relaxation or tendency to relaxation, may be con- 
nected with the electrical difference ? 

It is possible, of course, that in the local heating a remnant of 
excitation which does not shew itself in the diastole of the beating heart 
or in the resting heart by a removable “tone” may be got rid of. 

I now come to my own electrical experiments. And I may say at 
the outset that as regards their main object, the tracing of the action of 
the cardiac nerves during standstill of the heart by means of electrical 
effects, the work has been fruitless, I have, therefore, nothing to offer 
but a few scraps and fragments, which perhaps are not worth recording, 
but which I am loath to throw away altogether. 
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The effect of a very high temperature on the electromotive properties 
of the heart. 


Method. It was of course not permissible to heat the heart in saline 
solution for the electrical experiments. It was, therefore, while still in 
connection with the rest of the animal, drawn through a small glass 
worm by a thread attached to the apex of the ventricle. The thread 
was connected with a writing lever supported by an elastic band. 
Water of the required temperature was passed through the worm, but 
it was found that the temperature of the heart was always sensibly less 
than that of the water. A heat section was made on the apex of the 
ventricle; and one electrode, of course non-polarisable, was put in 
contact with this section, the other being pushed through an opening 
between two coils of the worm so as to touch the ventricle a little below 
the auriculo-ventricular groove. The electrodes would of course be 
heated along with the heart, but approximately to the same tempera- 
ture; and besides they were of such a form that only the clay could be 
appreciably warmed. They were connected in the usual way to the 
galvanometer. At first it was attempted to compensate the demarca- 
tion current during the heat standstill, but this was given up when 
it was found that there was no constant measurable effect of stimula- 
tion of the nerves. | 

When the heart was heated the vibrations of the image at first 
increased in extent and rapidity; but soon, while still increasing in 
rapidity, diminished greatly in amplitude, the mean point of the swings 
gradually moving in the direction of the demarcation current, until 
ultimately, at a temperature still below that necessary to cause heat 
_ standstill, the excursions were very slight, the range being only about 5 
divisions (the whole scale contained 500) on each side of the mean 
point. The appearance was just like that got with a differential 
rheotome when the speed is rather too small. Of course the vibrations 
were not at all a measure of the action current at different temperatures, 
because the galvanometer was far too slow to follow the quick changes. 
At the higher temperatures it really compounded the action currents 
and the demarcation current, and the mean point gave their algebraic 
sum. The deflections with the heart at the ordinary temperature were 
sometimes quite unmanageable; but at the higher temperatures it was 
perfectly easy to fix the mean point. If the temperature was now 
raised further, the vibrations ceased rather suddenly, and then there 
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was a marked swing in the direction of the demarcation current, and 


the spot came to rest. This corresponded in time with the heat stand- 
still. If the vagus was stimulated before heat standstill had taken 
place, and stopped the heart, a precisely similar swing occurred, which 
settled down exactly at the same point as that caused by the heat 
standstill. | 

If while the heart remained in heat standstill, the temperature not 
being raised further, the vagus or the sympathetic was stimulated, or if, 
the heart having been brought to rest by the vagus at a temperature a 
little below that of heat standstill, stimulation of the nerve was 
continued after the heart had ceased beating, no further constant 
change was observed. Occasionally, however, stimulation of the sym- 
pathetic during the heat standstill was followed by a small movement in 
the direction of diminished difference of potential between the un- 
injured ventricular tissue and the injured apex; but when this happened 
it was succeeded by electrical changes associated with actual beats. 
And when the heart of itself broke again into contraction after the 
standstill there was often a similar prelude, not so far as I could see less 
marked than that caused by stimulation of the sympathetic. 

I made experiments in this way on 14 frogs and toads; and if the 
number seems a small one, it is small because I got no constant positive 
results, and it seemed useless to continue the search further, at least 
under the conditions which I was able to produce. 

Experiments I.—IV. are examples of this part of the work. 

Note. When the uninjured tissue becomes more positive relatively 
to the injured apex, the deflection is to right. The graduation of the 
scale is from right to left. The zero is taken at 250. 

Experiment I. 

Frog. Vagus prepared. With heart at temperature of air, deflections 
are nearly from end to end of scale. Heated heart. It beats very quickly 
but image does not come quite to rest. Mean point of swings 175. Now 
stimulated vagus. Short interval in which no effect on galvanometer. Then 
large swing to right coming to rest at 130, ie. 45 to right of previous mean. 
On continuing stimulation no increase of this was got, nor on strengthening 
the stimulus from 60 to 0 (ie. from distance 60 mm. between coils to coils 
close up). Heart allowed to cool. Mean point 177. 

Heated again. Vibrations become less and quicker, and mean point 
shifts to 165, ie. 12 to right. Then comes a sudden deflection to right, 
settling at 130, and accompanied with standstill of heart. This deflection is 
not altered by stimulation of vagus with coils at 60. Strengthened stimulus, 
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At first no effect ; then small movement to left, accompanied with beating of 
heart, which continues, as do the vibrations of the image. Allowed heart to 
cool. Mean point 178. 

Stimulated vagus. Vibrations at first increased in size ae slowed (the 
increase in size would of course be due to the slowing, as the galvanometer 
would have more time to follow out the swing); then image comes to rest at 
150, and no difference caused by further stronger stimulation. 


Note that with the heart at the temperature of the air (8°C.) the 
deflection when the heart is brought to rest by the vagus does not go so 
far to right as in the case of the heated heart when stopped by the 
vagus or in heat standstill, i. e. the uninjured point does not become 
relatively so much more positive to injured in cold as in heated heart. 
This quite corresponds with the smaller relaxation in the cold. In this 
experiment the small deflection to right might be due to deterioration 
of heart and diminution of the demarcation current; but the same thing 
has been sometimes noticed in fresh hearts. 

Ewperiment II. 

Toad. Sympathetics prepared. Heated heart, by water at 40°C. through 
worm. Sudden swing to right coming to rest at 232, accompanied with 
standstill. The mean of three consecutive swings was taken in this ex- 
periment, 

Allowed to cool. Swings 282 


210+. Mean, 257. 
280 


Water at 35°C. Standstill ; deflection comes to rest at 238. 

Sympathetic stimulated ; no effect, except when heart begins to beat. 

Soon after heart has resumed beating, and while the beats are still quick, 
ings are 2 

272}. Mean, 244. 
230 
Painted with 1*/, solution of atropia without touching neighbourhood of 

electrodes, Swings are soon much increased in size and difficult to read 
exactly, 35 

20 Mean, 290 
350 


Water at 40°C. Causes standstill very rapidly, but no sudden swing 
to right. Image comes slowly to 245, zero being 250. 

Cooled to temperature of air. Swings again large. Water at 35° C.; first 
increase in size of swings, then increase in rapidity and diminution in size, 
ae eee to rest between 240 and 
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Experiment III. 

Frog. Both sympathetics prepared. 
vibrations quickened, but no standstill. Mean point changes from 220 to 214 
and then to 202 as heating goes on. Stimulation of sympathetic now causes 
gradual movement of 15 divisions to left, but there is evidently slight 
escape of current. The beat is quickened at the same time. 

Arranged stimulating electrodes so as to be properly insulated. Water at 
50°C. Standstill. No effect on stimulation of the sympathetic. 

Experiment IV. 

Frog. Both vagi prepared. Swings right off scale to either side. 
Water at 50°C. Vibrations soon get very small; mean point 180. This 
gradually shifts to 165, and then the image moves suddenly to 112. Heart 
is now in standstill. Now stimulated one vagus. Small gradual movement 
of about 5 divisions to left; then suddenly large swing to left, and then 
rapid small vibrations. Heart began to beat simultaneously with the large 
swing. 

Water at 45°C. Standstill soon comes on, accompanied with sudden 
deflection to 134. Water run off. Deflection remains for 1} minutes 
steady at 134. Then small gradual movement to left of about 5 divisions ; 
then sudden jump to left accompanied with a beat of the heart, and then 


rapid vibrations as before. Everything i is exactly like the previous observation 
when vagus was stimulated. 


A few experiments were made without reference to the action of the 
cardiac nerves, Of these Experiment V. is an example. 


Experiment V. 

Toad. Vigorous heart. Water at 55°C. Vibrations much quickened, 
range only 3 or 4 divisions; mean point 260. This range and mean point 
are long maintained, the temperature of the water being kept constant. 

Now allowed heart to cool. In 5 minutes after, the swings are 

290) Range, 58. 
232 Mean, 261. 

Painted with atropia, avoiding electrodes. In one minute after, swings 
are 372) Range, 228. 

140. Mean, 258. 

Water at 60°C. Vibrations get very quick; almost but not quite 
stationary at 260. Then image passes with moderate quickness to 236, 
where it remains for a very short time; then passes back to 250 where 
it remains permanently. 

Passed cold water through worm. No effect. Heart is seen to be dead. 
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Note. Here there is no doubt that the movement from 260 to 232 
was coincident with heat standstill of the heart, which rapidly passed 
on to heat rigor, when the deflection came back to 250 (zero) and 
remained there. This quite corresponds with Sanderson and Page’s 
experiment on local heating in the resting heart when the heating was 
excessive, except of course in the important point that here the heart 
was beating, though feebly, up to the time of the positive swing. 

The object of putting on atropia was to test independently Cyon’s 
idea of the stimulation of an inhibitory mechanism in heat standstill, by 
seeing whether there was any difference in the suddenness of the 
electromotive change connected with the heat standstill in the atro- 
pinised heart. Sometimes the change did seem to be more gradual 
than in the unpoisoned heart, but sometimes it was quite as abrupt. 

The effect of atropia in slowing and strengthening the beat is very 
strikingly seen on the galvanometer; and indeed exaggerated if the 
needle is already unable to follow altogether the changes in the normal 
heart. On this account I may perhaps be allowed to quote one other 
experiment. 


Experiment VI. 
Frog. Vagus prepared. At ordinary temperature, swings 


320 140. 
180. 200 
Keep steadily at this. Painted with atropia at temperature of room, 
keeping far from electrodes. No difference at first. In 1 minute after, 
swings are getting larger. 160 Range, 180. 
160)" Mean, 250. 
In 3 minutes yee Range, 440. 
40)" Mean, 260. 


In 3 minutes more, 350) Range, 210. 
140. Mean, 245. 


Range is now decreasing markedly. 
In 3 minutes more, 325) Range, 157. 
| 1680 Mean, 246. 
In 2 minutes more, 320) Range, 140. 
180. Mean, 250. 

As control painted heart in same way with water at temperature of room. 
No change in swings. Decrease still goes on. 

In 15 minutes 284) Range, 54. 

230. Mean, 257. 
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Water at 55°C, through worm. Heat standstill and sudden jump from 
235 to 200. 

Stimulated right vagus. Gradual movement of 8 divisions to right, 
which increases a little after stimulation stopped. The beating begins again. 

Water at 45°C. Sudden movement from 225 to 200, and standstill of 
heart. On stimulation of vagus no effect; but heart begins to beat soon 
after. 
Water at 60˙ OC. Successive slow movements to right and quick vibration 
for a short time at each new position ; then a small sudden jump to right, and 
standstill of heart. Before standstill stimulation of vagus causes slight 
movement to left and quick vibrations around the new mean point. Then a 
further stimulation caused a further movement to left; in fact a sort of 


inverse process to what happened during the heating. 


The electromotive phenomena of the heart beating under a 
high endocardvac pressure. 

The heart was arranged as described in Section IV., except that 
a heat section was made on the apex of the ventricle. I did not make 
quite so many experiments on this part of the subject as on the 
electrical phenomena of the heated heart. The cardiac nerves were 
only stimulated when the heart had been reduced to standstill by sudden 
lowering of the pressure. 

In spite of the short-circuiting which the saline solution with which 
the heart is filled must cause, and which might be avoided by using oil, 
the deflections were fairly marked. When the heart was led off from 
the auriculo-ventricular or the auricle and the apex of the ventricle, 
even the auricular beat was clearly shewn on the galvanometer although 
there was only a mere film of tissue separating the auricular electrode 
from the solution. This is, of course, not more astonishing than that in 
Waller’s beautiful experiment“ the electromotive changes of the 
mammalian heart, filled with blood as it is and deeply buried among 
conductors, should be quite in evidence on the surface of the body. 

But in most cases the ventricle only was led off, one electrode being 
on the apex and the other near the auriculo-ventricular groove but 
wholly on the ventricle. A peculiarity of the vibrations which is worth 
noting was their extreme slowness, corresponding with the long, labour- 
ing contraction and slow relaxation of the distended ventricle. Evi- 
dently the electrical change is not hurried over as a mere preliminary to 
the mechanical change, but has the same slow, deliberate character, 


1 Phil. Trans. 1889, B, p. 169. 
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No distinct evidence was got of any electromotive change being 
caused in the ventricle by stimulation of the vagus or sympathetic which 
was not associated with mechanical changes. 

Experiments VII.—IX. are examples. 


Eaperiment VII. 

Frog. Heart under pressure (29¢.m. of normal saline). Apex 
ligatured. Led off from apex and upper part of ventricle. The deflection 
accompanying the systole is very slow compared with that in normal heart, 
and so is the return. 

In the standstill caused by sudden diminution of pressure to 7 cm. 
vagus was stimulated with pretty strong current (distance 40 mm.). Caused 
deflection of 12 divisions to left, i. e. as if uninjured surface had become more 
negative relatively to injured apex. This deflection returns at once on 
shutting off current; and is reversed in direction by reversing current in 
primary coil. It is, therefore, due to bad insulation. The mean point 
of the swings shifted far to left (120 divisions) as the pressure was again 
increased (increasing negativity corresponding to the increasing tone of 
the ventricle’). 

Eaperiment VIII. 

Frog. Sympathetic on one side and vagus on other prepared. Heat 
section on apex. One electrode on apex, other on ventricle near auriculo- 
ventricular groove. Pressure 39c.m. Large deflections. Movements of 
image are very gradual, and remain long at the maximum, corresponding to 
the long systole ; and the backward movement is also gradual. 

Standstill produced by suddenly lowering pressure. Stimulation of 
sympathetic is followed by a deflection to left, but this returns to right; and 
it is seen that the heart has begun to beat. | 

Experiment IX. 

Frog. Heat section on apex of ventricle. Led off from apex and 
auriculo-ventricular junction. By mistake the pressure was not accurately 
read. It must have been less than 10cm. Deflection broken up into 
auricular and ventricular part, 

AD VD 
246—284—270—286—246. 
— 
as vs 

AS, VS = auricular and ventricular contraction respectively. 

AD, VD = relaxation. 

The auricular contraction can be seen, by observing the heart, to be 
distinctly separated from the ventricular. 
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When pressure increased, the rightward movement corresponding to 40 


is greater than at lower pressure, and it can be seen that the interval 


between the auricular aud ventricular contraction is increased. The right- 


ward movement AD is always more gradual than VD. 
When pressure increased, the mean point moves somewhat to left. 
AD VD 
— 
25528827628 256. 
— 


The general result of Section VI. is negative, so far as changes 
analogous to those observed by Gaskell are concerned. And, of course, 
when one has to be content with a negative result there is always the 
possibility that some more fortunate or more skilful observer may 
afterwards find a positive one. Indeed the conditions of my experiments 
cannot be considered favourable either to the production of Gaskell's 
electromotive effects, or to their detection if only feebly developed. 

Gaskell found that, when the quiescent auricle of the tortoise is led 
off to the galvanometer from a heat section on the apex and an 
uninjured point, stimulation of the vagus caused the uninjured tissue to 
become more positive relatively to the heat section, although no 
mechanical change could be detected’. He also found that when the 
ventricle of the toad, which has been brought to rest by the careful 
application of muscarin to the sinus or by tightening the clamp in the 
auriculo-ventricular groove, is led off to the galvanometer, and the 
sympathetic is then stimulated, an electromotive change is caused by 
which the uninjured tissue of the ventricle becomes more negative 
relatively to an injured spot. | 

Sanderson’ found that in inhibition the uninjured surface of the 
tortoise auricle in the beating heart and of the ventricle of the entire 
frog’s heart or of the stannius’ heart, when stimulated artificially at 


regular intervals, is somewhat more positive relatively to an injured 


surface than in diastole. As regards ordinary diastole the meaning 
of this is that there is a remainder of excitation which lasts till the next 
contraction. 

Gaskell considered that his experiments favoured the view that 
the vagus causes a constructive, and the sympathetic a destructive, 


metabolism, which may take place without leading to any mechanical 


change. It is not by any means certain, so far as I can see, however, 


1 This Journal, vrt. p. 451; vin. p. 404; Ludwig’s Festschrift, 1887. 
Proc. of Physiol. Soc. July 2, 1887. This Journal, vm. p. xxvii. 
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that general metabolic changes must be associated with electromotive 
effects of the same order of magnitude as those associated with the 
functional activity of the excitable tissues. We do not know definitely 
even in the case of the salivary glands, retina or electrical organ, much 
less in the case of muscle or nerve, that it is a chemical change 
associated with excitation which causes the electromotive change. 
Still less do we know what the effect of any chemical change, not directly 
and immediately connected with the functional activity of a tissue, on 
the electromotive properties of that tissue may be. 

If an active destructive metabolism is always associated with a 
marked negative change, it is difficult to see why the surface even of a 
resting uninjured muscle, should not be always at least feebly negative 
to its tendon or why muscle warmed to a moderately high temperature 
should become positive to muscle at the ordinary temperature. The 
production of carbonic acid increases with the temperature for a very 
considerable elevation, yet the uninjured surface of the heated ventricle 
of the frog’s heart becomes gradually more positive to the injured 
apex as the contractions decline in force, and the stopping of the feeble 
beats of the heart just about to go into heat standstill is shewn 
by a marked positive swing. In fact the weakest contraction or 
the slightest relaxation seems to have far larger electromotive accom- 
paniments than any increase or decrease of general metabolism which 
a change of temperature can produce. 

Again, the localised heating of the resting heart is accompanied 
with a positive change which becomes a negative change only when the 
heating produces that permanent local injury which seems to be 
connected with lasting local excitation. Du Bois-Reymond, indeed’, 
found that a finger at 0° was strongly positive to a finger at 15°—30’, 
but far less strongly positive to a finger at 45°; while a finger at 15° was 
weakly positive to one at 30°, but strongly negative to a finger at 45°. 
But this does not prove that it is the excess of the general destructive 
metabolism at 15°—30° over that at 0° or 45° which determines the 
electrical behaviour; for in all probability du Bois-Reymond’s 
current was a secretion current depending on the sweat glands, and the 
variations of temperature would affect the electromotive behaviour 
as they affected the functional activity of the excitable glands. That is 
to say the marked electrical changes here too are probably associated 
not with general chemical processes but more immediately with the 


1 Thierische Electricitét, Bd. 1. p. 206, &. 
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specialised changes which we recognise as belonging to the “excited” 
state. One would, therefore, look first of all for the explanation 
of Gaskell’s experiments in slight functional changes produced by 
the cardiac nerves, or in a tendency to the production of such 
changes which is hindered in some way from outward expression. 
I do not say for a moment that the quest is likely to be successful. But 
there seem to be at least two possible explanations of Gaskell’s 
positive variation in the tortoise auricle without going beyond what we 
already know. | 

(1) We know that when a skeletal muscle is stretched so that 
it cannot contract, the negative variation still occurs on stimulation ; 
the tendency to, or attempt at contraction determines the electrical 
change. Now in Gaskell’s experiment the auricle was stretched 
to some extent mechanically; and stimulation of the vagus might 
cause a physiological relaxation corresponding to the amount of 
stretching or to part of it; and although no change of form might 
be seen, this ought to be accompanied with the ordinary electrical 
change associated with relaxation, a positive effect, namely. The 
diminution of tone which according to several observers, including 
Gaskell himself, stimulation of the vagus may cause also occurs to one, 
especially in connection with Sanderson’s results in the beating heart. 
Or the hindrance to the visible change might be due to something 
in the state of the tissue, which rendered increased relaxation difficult, 
analogous to the hindrance which in the exhausted mammalian heart, 
sometimes renders the contractions difficult or impossible, but nevérthe- 
less allows the corresponding action currents to be developed’. 

(2) The injury caused by the separation of the auricle from the 
sinus and by the heat section might produce a latent excitation 
spreading even to the neighbourhood of the electrode on the uninjured 
tissue. Now if the action of the vagus, whatever it be, lessens 
excitation, it would cause this tissue to become more positive, although 
it might not be able to spread into the injured zone, which would 
accordingly remain at its old potential, and the total result would be a 
positive change. | 

This discussion does not at all call in question the possibility or 
probability that the vagus may influence the constructive metabolism 
of the cardiac tissue. The question now is whether an action of this 
sort, entirely unconnected with mechanical change or tendency to such 
change, is associated with the well-marked electromotive effects 
1 Waller and Reid. Phil. Trans., 1887, Part B. p. 215, &. 
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hitherto observed only as immediately following, or preceding, or 
accompanying excitation. It may be said that the action of the vagus 
is really a negative excitation; that its trophic effects are as much 
excitatory as the motor effect of excitation of a skeletal muscle by its 
nerve is trophic. The whole point and core of the question, it seems to 
me, is whether the vagus action or rather the part of it which is 
associated with Gaskell’s electromotive change, is a “ diffuse” action, 
so to say, like the slow processes of general nutrition, and placed far 
back in the metabolic sequence of which rhythmical contraction is 
the normal outcome, or a short and concentrated “ impulse,” immediately 
related to mechanical relaxation or tendency to such, and carrying, 
it may be, slow nutritive effects in its train. Now Gaskell found that 
the deflection might begin to give way again in a very short time, even 
when stimulation of the vagus was continued. So that the duration of 
this latent effect seems to correspond with that of the mechanical 
changes succeeding stimulation of the vagus under ordinary conditions. 

Gaskell’s negative variation in the ventricle of a heart stopped by 
the application of muscarin to the sinus or by the clamp, might be 
explained as an attempt of the heart or of the ventricle to contract 
which was prevented by some resistance from succeeding, but was, 
nevertheless, accompanied by an electrical change like that in a 
stretched skeletal muscle, or still more like the variation observed 
by Waller and Reid above referred to. In the case of the clamped 
ventricle it would be necessary to enquire whether the variation means 
anything more than that the “impulse” from the auricle, favoured 
by the action of the sympathetic, reaches the ventricle, although it 
is not able to cause a contraction. It would be necessary further 
to know whether there was absolutely no change of “tone” in the 
muscarin standstill or in the clamped ventricle after stimulation of the 
sympathetic, as it would seem that in the normal heart such stimulation 
causes an increase of tone which persists for some little time. Such a 
change would, of course, explain the persistence of 3 effect 
after stimulation of the sympathetic. 

In concluding this paper I have to acknowledge my indebtedness to 
Dr Gaskell for his kind advice on several occasions, and to Mr Langley 
for criticism no less kind after the paper was in manuscript. 


The above paper was sent in as a Thesis to the Medical Faculty of 
the University of Edinburgh, 14th May, 1891, 
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TABLE I. 
Acceleration caused by sympathetic. 
I II III IV V VI VII 
Temp. | given as | calculated | calculated ids Remarks. Number of Tracing. 
der of Pente stimula- 
colls in m. in 100”. in 100”. tion. 
16° 40 45 53 1-18 42 & 48 
10° 40 26 82 1-23 * 
18-5° 40 40 41 1-02 * 
15° 20 56 57 10 increase * 
in force 
*9-5° ice 10 — — 1-00 No effect ss 
16° 20 50 54 1-08 8 in os 
oroe 
12° 100 — — 1-00 No effect 48, 49 & 50 
12° 10 85 48 1°37 os 
13˙5⁰ 10 36 50 1-39 90 
19° 10 42 62 1-48 1 
11° 10 86 46 1-28 re 
8° 10 80 40 1°38 = 
9° 10 81 36 1:16 50 
ice 10 — — 1-00 No effect ’ 
95° | 30 58 60 115 52 
15° 40 15 24 1-60 55 
10° 40 — — 1-00 No effect weet 
14° 20 15 40 2°66 58 & 59 
26° 20 28 71 2°53 ” 
27° 30 55 59 1-07 ” 
340 80 61 87 1-42 i 
18° 80 26 50 1-92 67 
14° 40 21 44 2-09 70-75 
1-5° 40 15 17 1-13 
14° 40 40 57 . 142 | Note increase in rate „ Tr. 70) 
at ord. temp. 
6° 40 27 83 1-22 
6° 40 26 83 1:27 
2 
11° 40 88 
17⁰ 40 48 68 1-81 
14° 40 34 42 123 
19° 40 47 59 1-25 
12°5° 40 86 48 1-33 
14° 40 29 88 1:14 | Little acceleration but 
great increase now in 
force 
14° 40 14 28 2-00 
40 11 42 3˙82 
40 12 25 2-08 
2˙4 40 12 15 1-25 
4° 40 19 21 110 
40 28 83 1-18 
11-8° 40 44 46 1-04 
11˙80 40 42 50 1-19 


* The word ice,“ preceded 


by a temperature, means that 1 Apc 
of the given tem 4 
2 with the the heart, the the actual temperature of 


1 

| 

added to salt solution 1 
i allowed to come in 
ore, be lower than 
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TABLE I. (continued) 
I nm y vI vn 
Mazin 
Rate before) crate after 
Temp, calculated | ‘0 that Remarks. Number of Tracing. 
between [ber of the num. 
collsinmm.| in 109’. Per of beats, tion. 
4° 20 22 29 1-32 76-81 (Tr. 80) 
* 20 18 21 1°16 
15°2° 40 18 42 8-23 87 
11-5° 50 33 49 1-48 91 & 92 
11°5° 70 24 48 200 | Fresh piece of nerve * 
stimulated 
11°5° | 100 23 85 1-52 10 
11-5° 120 92—ͤ— No effect 
23°2° | 120 — — — No effect a 
232° | 100 77 83 1-08 | Some increase in force * 
22-2° 70 62 100 1-61 ” 
11-5° 70 45 60 1-38 ” 
18° 70 43 66 1-54 75 
14·1 |vagus 70 36 50 139 | Primary augmenta- 93 
tion by vagus 
6° fvagus 70 15 16 1-06 
air 14 70 45 50 1˙11 101-104 (Tr. 101) 
air 14° 50 45 50 111 ” 
12-1° 50 42 50 1-19 
4° 50 20 24 1-20 „ (Tr. 102) 
4° 80 24 23 0°95 ” 
19-2° 30 71 87 122 ” 
14° 70 88 55 1-44 „ (Tr, 103d) 
4-69 50 20 27 1-35 „ Xr. 104) 
4-6° 20 25 27 1-08 ” 
* When the word “ air” precedes the it signifies that the heart during the 
was not immersed in solution. the is given without this 
prefix it means that the heart was immersed in solution at the given temperature. 
TABLE II. 
Latent period of sympathetic. 
(Only measured in a few of the tracings.) _ 
Temperature. 1 in Tracing. 
18-5° 55 48-50 
19° 4 ” 
6° 6 70-75 
6 8 
8° 10 ” 
8° 6 75 
17° 4 57 
11° 6 * 
255 50 
4° 11 80 


> 

* 
4, 

a 

* 

«= 
7 
* 


— 


160 G. V. STEWART. 


EXPLANATION OF PLATES. 


III. 


Fig. 1. C, the vessel containing the salt solution in which the heart is 
immersed; C, the clamp; F, the pulley round which the thread attached to 
the ventricle passes; N, the inflow tube connected with the reservoir of salt 
solution; O, the outflow tube and O, the overflow tube, passing to the vessels 
B and B; L and L, levers; 7, thermometer. 


Fig. 2. G, vessel containing heart; L, bent lever for ventricle. The 
fulcrum of the lever is at F. The counterpoise is suspended at H. 


Fig. 3. A is the curve representing in one experiment the rate of the 
heart before stimulation of the sympathetic, and B the maximum rate after. 
stimulation, the number of beats per 100” being laid off along the vertical, 
and the temperature along the horizontal axis. 

C is the curve shewing the ratio of the frequency after, to that before 
stimulation of the sympathetic. It is put with the others to save space, 
although its ordinates are of course in arbitrary units. 

D shews the absolute amount of acceleration at the various temperatures, 
the ordinates being the excess of the rate before, over that after stimulation. 


Puates IV. V. VI. 


Figs. 1—45, except Fig. 27, and 65—69 are to be read from right to left, 
Figs: 46—64 and Fig. 27, from left to right. 

The temperatures are marked on or above the signal line for the time of 
stimulation. The strength of stimulus (distance of secondary from primary 
coil in mm.) is marked on the same line. J means vagus, & sympathetic, 

In a good many tracings the auricular part only is reproduced in order to 
save space, and in a few, only the ventricular part is given. Where both 
curves are given the upper is the auricular, the lower that of the ventricle. 
Where one part is alone given it is marked A (auricle) or V (ventricle). 

Figs. 1—6 (Tr. 44)“. Vagus. Temperature diminished from the air 
temperature (155) to 8° (Fig. 2), and then below 8° (Figs.3 and 4) by 


1 All the tracings in the series of experiments covered by this paper were numbered 
consecutively, each drum r kept being called a “ tracing.” The numbers are 
put here in brackets merely for reference, and have no relation to the numbers 
assigned to the figures in the plates, which are arranged in the order convenient for 
illustrating the text. No single “tracing” contains records from more than one 


preparation, but frequently the same preparation runs through more than one tracing. ~ 
Each group of figures (Figs. 1—6 e.g.) is from a single preparation. It would be risky to 
make comparisons in any other way. 
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addition of ice. In Fig. 5 the stimulus was strengthened to 30, but there is 
a much smaller inhibitory effect than with V78 at ordinary temperature or at 
13° (Fig. 6). 

Figs. 7—12 (Tr. 62). Vagus. Temperature first diminished from the 
air temperature, 11° (Fig. 7) to 4°°5 (Fig. 8), below this (Fig. 9); then raised 
to 8° (Fig. 10) and 18° (Fig. 12). 

The effect on the ventricle disappears at the lower temperatures before 
that on the auricle (Figs. 8, 9). 

Figs. 13—16 (Trs. 95 and 96). Vagus. Two strengths of stimulus 
(V70 and V90) used at two different temperatures, air temperature, 12%7 
(Figs. 13 and 14), and 41 (Figs. 15 and 16). 790 is ineffectual at 4°-1 ; V70 
has still some effect on auricle, but little on ventricle. 

Figs. 17, 18 (Trs. 97 and 98). Vagus. Considerable secondary augmen- 
tation at 24°2 (Fig. 18), none at 3°9. In an intermediate tracing taken at 
13°1, but not shewn here, there was slight but distinct secondary 
augmentation. 

Figs. 19—25 (Trs. 82—84). Direct stimulation of auricle at air tempera- 
ture, 11° (Fig. 19), and at 2°3 (Fig. 21); and direct stimulation of sinus at 
112 (Fig. 22), 9°8 (Fig. 23), 1°8 (Fig. 24) and 3° (Fig. 25). The auricles 
are almost alone directly affected by their stimulation, while with stimulation 
of the sinus the ventricles are also directly influenced. In both cases distinct 
inhibitory effects are still seen at very low temperatures. Fig. 20 shews the 
effect of a low temperature on the tone, especially of the ventricle. 

Fig. 26 (Tr. 86 u.). Effect of stimulation of the sympathetic ($30) 
during complete heat standstill at 28°°5, and of the vagus (V70) when 
the ventricle has nearly again passed into standstill. The extent and rapidity 
of movement of the ventricular lever were so great that it was difficult 
to keep the writing point properly on the paper. 

Fig. 27 (Tr. 155). Effect of stimulation of the vagus (V50) during 
complete heat standstill at 33°. Here there was no marked secondary 
augmentation at the air temperature or at temperatures below that of heat 
standstill. Accordingly, the beats are not particularly strong or rapid when 
the heart is roused from the standstill. 

Stimulation of the sympathetic (same stimulus, S50) during standstill was 
followed by a very similar curve (not reproduced here). 

Figs. 28, 29 and 30 (Tr. 33). Auricle alone. Sympathetic stimulated at 
12°, 23° and 8°. The relative augmentation at 23° is very great because the 
heart is beating feebly before stimulation. The absolute force of the 
augmented beat at 12° is at least as great as at 23°. At 8° the heart is 
beating very strongly, and stimulation of the sympathetic causes little, if any, 
increase in force and only a very slight increase in rate. 

Figs. 31—34 (Trs. 58 and 59). Only auricular tracing reproduced. 
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Fig. 31 shews a heart beating very strongly at the ordinary temperature, 
14°; and in this case little, if any, increase of force is caused by stimulation 
of the sympathetic. 

At higher temperatures, 26° (Fig. 32), 34° (Fig. 34) the beat of the auricle 
still continues abnormally strong for those temperatures, and the usual 
marked increase of force is absent here too. Fig. 33 shews a great 
diminution of tone caused by a rise of temperature from 14° to 27°. In 
Fig. 34 the rise of temperature to 34° causes a greater acceleration than 
stimulation of the sympathetic at that temperature later on, probably because 
the heart gets rapidly exhausted at the high temperature, as is shewn by the 
great slackening of the rate just before stimulation. Fig. 32 shews how 
stimulation of the sympathetic abolishes for a time the grouped beating, 
enabling the heart to fill up the intervals. 

Figs. 35—38 (Trs. 70, 72, 74 and 75). Sympathetic. Only auricular 
tracing reproduced except in Fig. 35. This series shews how the effect 
of stimulation of the sympathetic varies with the strength of the heart’s 
action when this is altered in other ways than by change of temperature. 

These tracings were all taken from the same heart at different periods in 
the course of a long experiment, but all at practically the same temperature, 
that of the air. When the heart is still beating very strongly (Fig. 35) the 
augmentation takes the form of acceleration ; as it grows weaker (Figs. 36—38) 
it takes more and more the form of increase of force, it may be along with 
some acceleration. 

Figs, 39—41 (Trs. 91 and 92). Sympathetic. Auricular tracing only 
reproduced, Increased force of beats specially characteristic of augmentation 
at higher temperatures, 22°-2 (Fig. 40), acceleration at lower, 11˙5 (Fig. 39). 
Fig. 41, at 18°, is intermediate. Note increase of tone during augmentation, 
especially in Figs. 39 and 40. 2 

Figs. 42—45 (Tr. 42). Auricle only. Stimulation alternately of sympa- 
thetic and vagus as the temperature is reduced. Figs. 42 and 43 at 15° 
(temperature of air). Then solution exchanged for one at 9°°5, 840 has 
now scarcely any effect. V100 has still some effect, causing diminution in 
force of beat of auricle. Strengthened stimulus for both nerves ; and cooled 
further by adding ice to solution. V60 causes distinct inhibition (Fig. 45); 
S10, no effect. 

Figs. 46—48 (Tr. 172). Effect of secondary alteration of temperature on 
the inhibitory action of the vagus. In Fig. 46 the temperature of 19°-7 (that 
of the air) was maintained throughout. In Fig. 47 this temperature was 
suddenly exchanged at the end of stimulation of the vagus for one of 4°. 
In Fig. 48 the temperature of 4° was maintained throughout, and the 
stimulation has no effect. ‘ | 

Figs. 49—51 (Tr. 161). Effect of secondary alteration of temperature on 


a 

q 

r 

* 

| 

| 

| 

a 


ae 


HEART AND TEMPERATURE. 163 


the action of the sympathetic. Only auricular tracing recorded. In Fig. 49 
the initial temperature, 22°°2, was exchanged at the end of stimulation for 
292, and in Fig. 50 for 28°7. In Fig. 50 the change was made nearer the 
beginning of the augmentation, the period of stimulation being shorter than 
in Fig. 49. In Fig. 51 the initial temperature of 22°6 was maintained 
throughout. 

Figs. 52—57 (Trs. 137, 139 and 140). Stimulation of the vagus during 
augmentation produced by the sympathetic. Ordinary temperature. 2 52, 
vagus alone, strong stimulus, (760). 

Fig. 53, sympathetic (S50), then vagus ( V60). 

Fig. 54, vagus alone, with weaker stimulus, (780); Fig. 55, sympathetic 
with strong stimulus (S25), then vagus (V80). 

Fig. 56, vagus alone, with minimal stimulus (V150); Fig. 57, sympa- 
thetic with strong stimulus, (S25), then vagus (V150). Only auricular 
tracing reproduced in Figs. 54—57. 

Note. In all this series the vagus readily causes complete standstill of 
the unaugmented heart, and where this is the case it also readily causes 
standstill of the augmented heart, except perhaps with truly minimal 
stimuli. 

Figs. 58—62 (Trs. 127 and 128). Here the vagus causes complete 
standstill of the unaugmented heart only with difficulty (strong stimuli) if at 
all. In the augmented heart it only causes a certain amount of diminution 
of force, and in general has more effect on the auricle than the ventricle. 

Fig. 63 (Tr. 126). Only the auricular tracing reproduced. This shews 
how the curve of augmentation may be permanently modified and not merely 
interrupted. Here the inhibition takes the form of slowing of the rhythm 
with some diminution in force. The beats then increase again in force, and 
overtop the maximum reached during the preceding part of the curve of 
augmentation, while at the same time the rate remains much slower. 
Incidentally the tracing shews that the inhibitory power of the vagus which 
had disappeared in Tr. 125, taken with the same preparation, has now been 
restored. This was still better shewn in a tracing from the unaugmented 


heart ee reproduced). Originally the vagus had a primary inhibitory 


te 64 (Tr. 125). Here the vagus causes primary augmentation, although 
in a previous tracing it had caused primary inhibition. The slight diminution 
of the force of the auricular beat is plainly related to the acceleration, for in 
a tracing taken immediately after this one but with stimulation of the 
sympathetic instead of the vagus, with the same strength of stimulus, the 
curve figured was almost exactly reproduced. Note that the auricle is 
beating strongly, and the augmentation takes the form of acceleration for 
a few beats and is then apparently over. In the ventricle, which is beating 
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feebly, the beats are greatly increased in force, as soon as the acceleration is 
over or nearly over, and this augmentation continues long although the 
auricular contraction is scarcely at all strengthened. In fact the ventricular 
augmentation seems quite independent of the auricular, and is evidently 
related to the previous feebleness of the ventricle. 

Figs. 65 and 66 (Tr. 49). The antagonism of vagus and sympathetic at 
different temperatures, This subject has been only very slightly studied in 
the paper. The two curves reproduced here (auricle alone) shew that at 9° 
(Fig. 66) the vagus cuts down the previous augmentation proportionately 
about as much as at 19° (Fig. 65). 

Figs. 67—69 (Tr. 61). Here a ventricle beating with an independent 
rhythm at 14° beats more quickly at 25° (Fig. 67) but soon stops. It is 
roused from this standstill by raising the temperature to 30° (Fig. 68), but 
soon stops again, to be again roused by a temperature of 36%5 (Fig. 69). 
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THE BLOOD-CORPUSCLES OF THE CRUSTACEA, TO- 
GETHER WITH A SUGGESTION AS TO THE ORIGIN 
OF THE CRUSTACEAN FIBRIN-FERMENT. By W. B. 
HARDY, B.A. Shuttleworth Scholar of Gonville and Caius 
College, and Junior Demonstrator of Physiology in the University 
of Cambridge. (Plate VII.) 


PART L 


In this paper it is proposed to deal exclusively with the histology of the 
blood of two forms of the Crustacea representing the extremes of 
development in that group. These forms are Astacus and Daphnia. 
For many reasons it is advisable to deal first with the higher of these 
two forms. 


ON THE CORPUSCLES OF THE BLOOD oF ASTACUs. 
Methods of Observation. 


Specimens of the blood of Astacus may be readily obtained by 
pushing the point of a fine pipette through the soft skin which joins the 
dorsal portion of the cephalo-thoracic shield to the tergum of the first 
abdominal segment. This soft skin forms the roof of the posterior 
portion of the pericardial sinus and by perforating it a sample of 
pericardial blood is obtained. 

The method of operation is as follows. A glass pipette is drawn out 
to a fine point and fitted with a strong india-rubber bag, by the aid 
of which fluid may be sucked up into the tube. The abdomen of a 
Crayfish is now firmly pushed downwards in order to stretch the thin 
tough skin between thorax and abdomen, and the point of the pipette is 
inserted from the side and horizontally in order to avoid injuring the 
heart and superior abdominal artery. A drop or two of blood sufficient 
for examination is sucked up, the pipette withdrawn, and the abdomen 
quickly bent upwards so as to mechanically close the tiny aperture. In 
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a short time a blood clot forms round the wound and the animal may be 
replaced in the tank with absolutely no further loss of blood. 

The blood should, for reasons which will appear later, remain in the 
pipette for as brief a time as possible. The blood so obtained may be 
examined in the fresh condition by placing it on a slide and covering 
with a coverslip in the ordinary way, or by suspending a drop on the 
underside of a coverslip over a cell. Permanent preparations may be 
made by inverting a drop of blood over a 2°/, solution of osmic acid, 
care being taken that the air is saturated with the vapour. After 
15: minutes the blood can be stained and mounted in glycerin or 
balsam. 

It is advisable to use very dilute stains in order that the action may 
be as selective as possible. Otherwise the solidified plasma may 
become too deeply coloured. A reagent of the very greatest value in 
the study of the corpuscles is Iodine. Its use in special cases will 
be mentioned in the subsequent pages“. 

The number of the corpuscles in a cubic millimeter of blood was 
measured by the aid of a Gower’s Hæmatocytometer. The corpuscles 
were counted both in undiluted blood in the fresh condition, and after 
fixation by osmic vapour. 

The relative number in different samples of blood was found as 
follows :—Shallow cells were made by fastening down rings of equal 
size cut from a sheet of tinfoil. A glass pipette was drawn out into a 
fine tube on which a mark was made so that the amount of blood 
contained in the pipette when filled up to this mark just sufficed to fill 
one of these cells. In this way each preparation contained the same 
quantity of blood which was fixed by osmic vapour and stained. The 
corpuscles were then counted in 50 “fields” of the microscope with 
Oc. 4, Ob. D Zeiss, and an average taken. 

Specimens of blood obtained from the blood spaces in the neigh- 
bourhood of the antero-ventral, and postero-ventral arteries were also 
examined. 

General features. 

If a drop of blood taken from an active well-fed Astacus is examined 
with a Zeiss Ob. D or £ it is found to contain a large number of 
actively amoeboid corpuscles characterized by the possession of a great 
number of extremely large, highly refractive granules, or rather 


1 The solution used contained 5% of iodine, with sufficient potassium iodide to ensure 
solution. An equal volume of the iodine solution should be added to the blood. 
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spherules (Fig.1). If the preparation of the specimen has occupied 
a few seconds there will be seen, in addition to the spherule-bearing 
cells, a number of large, distinct, rounded nuclei which float free in the 
plasma. These latter elements belong to blood cells markedly distinct 
from the spherule-bearing corpuscles, and characterised by such an 
extreme sensitiveness to certain stimuli that contact with a foreign 
body, such as glass, causes an explosive disruption of their protoplasm. 
These cells, which I propose to call ‘explosive corpuscles, can be fixed 
by osmic vapour or iodine, and the study of such preparations (Fig. 3) 
makes very evident the fact that, as was pointed out by Heitzmann(9)! 
and From mann dio), there are two distinct kinds of cells present in 
the blood of Astacus, both kinds being ameeboid and both resembling 
the white rather than the red corpuscles of mammalian blood. 

Though the large refractive globules which are such a remarkable 
feature of the non-explosive cells are more.correctly designated by the 
term “spherule” than by the word “granule,” yet, having in view the 
wide application of the latter word by Prof. Ehrlich, and the fact that 
these bodies are identical with his a- or eosinophile granules, it will be 
better to adhere to this word, and to call the cells the “eosinophile 
cells.” In this way we may avoid the cumbrous, though morphologically 
the more accurate designation, “spherule-bearing.” 

The number of conpuscles in one. cubic millimeter. This was 
estimated by counting the corpuscles (that is, free nuclei and intact 
corpuscles) in 500 squares of a Gower's Hæmatocytometer. This was 
done in the case of ten animals which were active and appeared to 
be normal. To test the accuracy of the method which involved the 
assumption that each explosive corpuscle left one and only one nucleus, 
the following experiment was made. Two drops of blood were taken 
from the same animal, one was placed on the hematocytometer, and of 
the other an osmic vapour preparation was made. The relative number 
of eosinophile and explosive corpuscles was then carefully estimated in 
each case. In the blood of the haematocytometer it was found that 
there were 46 free nuclei of explosive corpuscles to each eosinophile cor- 
puscle, while in the osmic preparation the ratio of the (preserved) 
explosive corpuscles to the eosinophile corpuscles was 47 to I. That 
is to say, the error in this particular case was a little less than 2 %, 

The mean of the different countings made with the blood of normal 
animals gave an average of 286 corpuscles in the cubic millimeter. 


' See Bibliography at end of paper. 
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There were however wide departures from this mean, the numbers 
falling as low as 250 and rising as high as 400 in the cubic millimeter. 

These very wide variations are possibly explained by reference 
to peculiar variations in the condition of the blood which are more 
readily recognised in Daphnia. Not unfrequently, apparently healthy 
specimens may be found in which the blood corpuscles are peculiarly 
adhesive, so that a considerable number, or even the bulk of the cor- 
puscles, adhere to the walls of the blood spaces and thus are withdrawn 
from active circulation. 

The relative number of the two kinds of corpuscles. The explosive 
corpuscles are always more numerous than the eosinophile corpuscles in 
the normal animal, but, like the total number of corpuscles, the ratio of 
granular to explosive cells varies within wide limits. 

The normal ratio is one granular to three explosive cells, the 
variations lying between 1 to 1°22, and 1 to 5. 

The causes of this variation are, at present, extremely obscure and 
complex. The relative number of the two kinds of corpuscles is not 
directly related to the total number of cells present in the blood. 
Animals with above 250 corpuscles in the cubic millimeter, or those 
with a small total number, may furnish the extreme ratios. 

The relative abundance of the corpuscles differs slightly in blood 
drawn from different parts of the same animal. The granular cells are 
always slightly more numerous in blood obtained by perforating the 
sternum in the thoracic region as compared with blood from the 
pericardial sinus. 

What may remain to be said on this point is best deferred to some 
future time when the function of the corpuscles is discussed. 

We will now proceed to a more detailed consideration of the two 
kinds of cells found in the blood of a normal animal. 


The Explosive Corpuscles. 

These cells can only be adequately studied after treatment. with 
osmic vapour or iodine solution. If a drop of blood be examined under 
the microscope within a few seconds from the time of its removal from 
the animal, it will be seen to contain a large number of pale oval 
corpuscles, containing a few granules of various sizes but all small. To 
see the corpuscles in the fresh state in this condition requires rapid 
manipulation. 

If attention be fixed on one of these corpuscles it will be seen to 
undergo remarkable changes. 
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Extremely fine pseudopodia are shot out and blebs of cell-substance 
travel rapidly along these, expand into a vesicle or bubble, and burst. 
Sometimes only short blunt processes are formed, which swell into little 
bladders, remain an instant, and then burst. In other cases again the 
surface of the cell, without forming processes, developes vesicles which 
expand until they burst. In any case the process is the same and 
results in what may be described as an explosive solution of the cell- 
substance. 

While the cell-substance is undergoing dissolution the nucleus also 
suffers remarkable changes. When the cell is first seen the nucleus 
is entirely invisible; but as the disintegration proceeds it rapidly comes 
into view. The optical effect may best be likened to the rapid develop- 
ment of the image on a photographic plate. With almost the first stage 
in the dissolution of the cell protoplasm the nucleus becomes visible as a 
faintly-defined oval body. It rapidly acquires distinctness, the outline 
becomes firmer, and highly-refractive, yellowish-green masses appear, 
some of which join one another to form the periphery or “capsule” of 
the nucleus, while the others are distributed as rounded spherules or 
“nucleoli” in its interior (Fig. 2). At the same time traces of a net- 
work with large meshes may appear and rapidly vanish. This change 
which appears to be of the nature of a rigor or clotting, marking the 
death of the nucleus, converts the substance of the nucleus from an 
invisible matter, whose refractive index differs only slightly from its 
surroundings, into one of remarkable visibility, and is accompanied by 
an alteration in shape, the nucleus changing from an ellipsoid to a 
sphere, and expanding slightly (Figs. 8 and 9). 

The change in the physical condition of the nucleoplasm may 
be beautifully demonstrated by allowing a drop of freshly drawn blood to 
fall on to about an equal volume of a very dilute solution of methylene- 
blue in normal salt solution. The pigment does not appear to affect the 
rate of dissolution of the cells but renders slightly more permanent 
the nuclear network. The nucleus as it comes into view presents the 
appearance of an oval bladder, containing a coarse network the strands 
of which are of uniform diameter. After a few seconds the network 
breaks up and some of its substance runs into the spherules noticed 
above. As these spherules are forming they imbibe the stain with great 
rapidity, so that by the time the rigor has thoroughly set in both they 
and the nuclear capsule are coloured an intense blue. This rigor mortis 
of the nucleus so far resembles the rigor of muscle in that in time, it 
may be many hours, it passes away. Some of the material is dissolved, 
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the refractive appearance vanishes, and there is left only a shell with 
faintly marked outlines, which may persist unchanged for days or weeks. 

The nucleus of the explosive corpuscle when rigor has set in thus 
resembles the type of nucleus so commonly seen in preparations of the 
tissues of the Crustacea, in its well-marked capsule and numerous and 
well-marked nucleoli. 

The various stages in the disintegration or explosion of the explosive 
corpuscle may be fixed for prolonged examination by taking advantage 
of the preservative action of iodine. If a drop of the iodine solution be 
added to a drop of fresh blood the corpuscles are absolutely fixed, 
shewing the shape and for a time the granulations of life. If however 
a drop of iodine solution and a drop of blood are placed side by side on 
a slide and a coverslip lowered on to them so as to avoid blending them, 
we have, at the contact between the two drops under the coverslip, 
a narrow zone where they have mixed. In this zone the living and 
unchanged corpuscle has been fixed and preserved. Beyond this region 
and towards the blood the iodine has taken a longer and longer time to 
penetrate, and we thus get the corpuscles fixed at longer and longer 
intervals as we penetrate into the blood region. It was in this way 
that the stages shewn in Figs. 7, 8 and 9 were obtained. 

From what has been said above it is obvious that the direct study 
of the living explosive corpuscle is an impossibility; we can only proceed 
by inference from preserved specimens, and it is advisable to consider the 
action of the two preserving agents used—iodine and osmic vapour. 

Action of Osmic Vapour. When a drop of blood is suspended over 
osmic acid it rapidly sets to a firm jelly, the process resembling and 
probably being identical with normal clotting. Exposure for fifteen 
minutes to half-an-hour to the reagent so completely and permanently 
fixes the corpuscles that the prolonged action of water, alcohol, or 
dilute glycerine fails to sensibly alter them. After fixation they may 
be stained with dilute haematoxylin, picrocarmine, methyl violet, 
methylene blue, etc. 

On studying the stained or unstained osmic preparation with the 
microscope we see that the morphological differences between the 
two types of cells are rather increased than diminished by the reagent. 
The explosive cell is not only the smaller but its cell-substance is affected 
by the reagent in a way markedly different from that of the eosinophile 
cell. The cell-substance is clear, faintly visible and is marked by very 
fine granulations, or appears quite hyaline. In each cell is an oval 
nucleus containing an ill-defined and irregular network. The nuclear 
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network is never perfectly preserved, the bulk of its substance has 
broken down to form nucleoli (Figs. 3 and 11). The most striking 
feature of these cells however is the great irregularity and diversity 
of form they exhibit. Most commonly they are elongated spindles, or 
the spindle may be bent to form a crescent, or may be thrown into 
undulations, or may give off at its ends or sides short or long pro- 
cesses. In any case the long axis of the oval nucleus coincides with 
the long axis of the cell. 

We may safely conclude from these appearances that the explosive 
cells are, during life, extremely mobile. 

In the fresh and still fluid blood the explosive cells appear as 
flattened ellipsoids, which are biconvex when seen edgeways, the cen- 
tral bulging being produced by the nucleus. 

Action of Iodine. This reagent furnishes us with a remarkable and 
suggestive series of facts. Iodine, when about 0°25 % is present, 
greatly delays and profoundly modifies the post-mortem changes in 
the explosive cells. The formation of explosive bulle and the general 
solution of the protoplasm no longer occur, but, if we watch the cell 
after treatment with the reagent, we see a gradual disappearance of 
certain of its elements, namely, the large number of fine discrete 
granules. With 0°5 to 1°/, of iodine the cells resemble the specimen 
shewn at Fig. 7. The nucleus, as in the fresh cell when first seen, 
is invisible, being obscured by the large number of fine granules which 
are imbedded in the cell protoplasm and confer on it a characteristically 
solid, dense appearance. If only 25% of iodine be present these fine 
granules are at first present, but in from 10 to 15 minutes they are 
dissolved, the cell protoplasm assuming the clear hyaline character 
so noticeable in preparations fixed by osmic vapour (Fig. 15). The 
impression conveyed by the brief glimpse one is able to have of the 
cell in the fresh state, that the protoplasm contains fine granules in 
considerable abundance, is confirmed by the appearances presented after 
treatment with iodine. ; 

The size of the explosive corpuscles. Owing to their diversity of 
shape it is difficult to obtain exact measurements. Only rarely are 
even approximately rounded cells found. Still by measuring the 
two main axes and taking an average, values were obtained which 
were found to hold good for a considerable number of specimens. 
These numbers are :—25 to 30 f for the long axis and 10 to 11 yw for the 
short axis. The nucleus was found to measure 13 to 14,4 on the long 
axis, and 8 to 10 f along the short axis. | 
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Histological characters of the Eosinophile Corpuscles. 


These remarkable cells differ from the explosive corpuscles in the 
fact that they are readily studied in the fresh and living condition. 
They persist unchanged and may even retain their powers of amceboid 
movements for a long time, sometimes for hours, in a drop of blood 
placed under a coverslip. They therefore persist for a long time after 
the blood has clotted. In one case a corpuscle was found to be 
actively amœboid two hours after the blood had been placed on the 
slide. These elements present greater structural differences than are 
found in the explosive cells. 

There is a marked distinction into ectosarc and endosarc, the 
former being clear and optically structureless, and frequently thrust out 
into pseudopodia of variable form. The endosare on the other hand is 
more or less completely occupied by large granules or spherules. 
Sometimes it is partly occupied by granules and partly by vacuoles. 

These cells present great diversity of shape, and their irregularity 
is not merely due to the formation of pseudopodia but affects the 
general outline of the cell and involves the endosarc. Sometimes, and 
generally when the granules are present in very great abundance, 
the endosare is spherical and the ectosarc forms a thin mobile 
envelope with pseudopodia of diverse forms, either long and thin or 
short and blunt, and thrust out in various directions. At other times 
the ectosarc does not form pseudopodia but merely streams round the 
endosarc. In some cases these cells assume a remarkable external 
resemblance to a Heliozoon such as Actinophrys, filiform and immobile 
pseudopodia radiating from the body of the cell. The resemblance is 
much heightened when the endosarc is relatively free from granules, 
The numerous vacuoles which may be present under those circumstances 
recalls with singular exactness the “bubbly” or vesicular nature of the 
Heliozoon cell body (Fig. 5). The pseudopodial movements of the 
ectosarc, though distinct, are generally slow, exceedingly so in the case 
of large cells much loaded with spherules; on the other hand smaller 
cells less loaded may be exceedingly active. It is impossible without 
occupying undue space to indicate the variations of form presented by 
these cells, one or two things however call for special mention. 

The division between ectosarc and endosare is not always clear and 
exact; usually in the smaller less loaded cells it is difficult to make out. 
Very shortly after the blood has been placed on the slide the active 
movements cease ; the pseudopodia stifl remain protruded but they are 
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apparently fixed in position by the solidification of the plasma which 
occurs when the blood clots. Faint and apparently ineffectual move- 
ments may still be seen. In the course of time however the corpuscle 
dies and a series of events then take place which recall those marking 
the dissolution of the explosive corpuscle. The first change heralding 
death is the loss of definiteness in the outline of the endosare and the 
extrusion of some or all of its granules into the ectosare and sometimes 
thence to the exterior. The granules then rapidly dissolve, leaving 
absolutely no visible trace. 

Whilst these events are happening, and when the solution of the 
granules is advanced, the cell passes into rigor mortis. The previously 
almost invisible outline of the ectosarc becomes very clear and visible, 
and the nucleus comes into view and acquires that intense distinctness 
which we noticed as such a remarkable feature of the rigor mortis, 
or clotting, of the nucleus of the explosive cells. 

The Granules are remarkable bodies, extraordinarily refractive and 
very large. The refractive nature is so striking that Haeckel (1) was 
led by it to regard them as fat. This supposition is untenable since 
(1) exposure for 16 hours to osmic vapour failed to even stain them, and 
(2) they are readily soluble in the serum. When not pressed against 
one another thgy appear as spherules of 1 to 3 ½ in diameter; Haeckel 
described them as being 2 to 3y in diameter. They are therefore 
much larger than the granules of the wandering cells of vertebrates. 
A distinctive microchemical reaction of these bodies was found by 
following the lines of Prof. Ehrlich’s classical researches on cell 
granules. 

Reaction with Eosin. If a grain or two of eosin be stirred up 
with a drop of fresh blood it readily dissolves. At first the eosinophile 
corpuscles are absolutely resistant to the stain, but later, as their 
vitality decreases, the granules rapidly absorb it, the rest of the cell 
remaining for some time completely uncoloured. This reaction, as 
Ehrlich pointed out, appears to depend upon the affinity of the 
substance of the granule for acid rather than for basic dyes, that 
is to say, for those dyes in which the colour is associated with the acid 
and not with the basic portion of the molecule. 

Reaction with Sodiwm Sulphindigotate. This pigment serves as 
another instance of an acid pigment but of different chemical character. 
If it be dissolved in normal salt solution and added to blood the granules 
are stained an intense blue (Fig. 10). The imbibition of the dye, when 
the living cells are exposed to its influence, takes place only at a 
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critical point in the degradation of the molecular structure of the 
cell-substance. If the cell is possesse of great vitality it may be some 
hours before this point is reached. | 

Reaction with Basic Dyes. Exposure for hours to a basic dye such 
as methylene blue fails to stain the granules, and so long as they 
remain there is no trace of coloration in the cell. Immediately on 
the onset of rigor mortis the cell and especially the nucleus are coloured 
blue. The granules dissolve without being affected by the stain. 

Reaction with Iodine. The granules are preserved and stain 
readily. The coloration is deep brown and cannot, I think, be taken 
as evidence of a carbohydrate nature. 

Reaction with Osmic Vapour. This reaction is especially valuable 
since it furnishes us with a striking differential characteristic between 
the cell-substance of these cells on the one hand, and that of the 
explosive corpuscles and of certain basophile cells to be presently 
described on the other hand. In an osmic vapour preparation, whether 
stained or unstained, the cell-substance of the eosinophile cells is found 
to have reduced the osmic acid and to have assumed an opaque glassy 
appearance; the eosinophile granules are no longer visible, their place 
being apparently taken by vacuoles. The cell-substance of the explosive 
corpuscles on the other hand does not reduce the ogmic acid but 
remains clear and uncoloured. 

Eosin after fixation with Osmic Vapour affords us an interesting and 
valuable histochemical test for the presence of the eosinophile cells of 
Astacus. It is possible that the spaces in the dark refractive proto- 
plasm which, after treatment with osmic vapour, alone represent the 
previously very distinct granules are really spaces formed by the 
solution of the granular substance. At any rate, whether this is so or 
not, treatment of the cells in this condition with strong eosin fails to 
render any granular substance visible. Instead of that we find that the 


whole cell-substance has become strongly eosinophile, so that if a drop of 


blood fixed by osmic vapour be treated with a solution of eosin in 
glycerin the eosinophile cells become deep opaque red, while the 
explosive cells even after many hours or days remain uncoloured and, 
from the general coloration of the plasma, become obscured and appear 
to vanish. 

Reaction of osmic vapour after impregnation with sodiwm sulphin- 
digotate. By taking advantage of the fact that the granules are less 
soluble after impregnation with the dye, osmic vapour preparations 


may be made in which the granules are preserved as deep blue bodies, 
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I have only tried this reaction once and it then succeeded perfectly, and 
it may furnish another valuable test. 

Methylene blue after osmic vapour stains both kinds of cells. 

After treatment with osmic vapour the ectosare of the eosinophile 
cells cannot be distinguished as a separate structure (Fig. 3) even though 
the preparation be deeply stained. The cells may however by fixation 
with a saturated solution of corrosive sublimate, be preserved with 
pseudopodia still extruded and the ectosare clearly shewn as a hyaline 
layer surrounding the more prominent endosarc. 

My reasons for setting forth the histochemical characters of the 
eosinophile cells at such length are two. (1) The tests given above and 
those to be presently mentioned in connection with the basophile cells 
render evident the fact that these different elements, explosive, 
eosinophile, and basophile cells, differ not merely in the kind of granules 
they produce but also in the very nature of their cell-substance. 
(2) That in the long run the success of any investigations undertaken 
with the object of determining what physiological meaning we must 
attach to the presence in the bodies of animals of very diverse position 
in the animal kingdom of the same different types of wandering cells, 
must depend upon the accuracy and completeness of the tests applied 
to determine the presence or absence of these different kinds of cells in 
any particular fluid or tissue. 

Very frequently the cell is not completely charged with spherules. 
When this is the case the spherules generally occupy a more or less 
definite region of the endosarc, the rest of the substance of which is 
excavated by vacuoles which so closely correspond to the fully formed 
spherule as to strongly suggest that they are intimately related to the 
formation of those bodies. 

We have a parallel case of the formation of spheres of elaborated 
material in vacuoles in the endoderm cells of the Coelenterata. Miss 
Greenwood) has carefully followed the method of their formation in 
Hydra, and I have detected similar bodies enclosed in the vacuoles of 
the endoderm cells of another Hydroid, Myriothela (8). 

Sometimes when at the death of cells the spherules are dissolved 
while still within the endosarc they leave behind a very obvious 
vacuole. When, as mostly happens, they are actively extruded, the 
definite contraction of the endosarc which causes the extrusion oblite- 
rates the vacuole. 

It follows therefore that these spherules are not permeated by and 
do not form part of the cell-substance, but that they form rather a 
distinct material lodged in spaces in that cell-substance. 
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It is, I think, worth while emphasizing the fact that the extrusion 
of the spherules may be due to (1) an active contraction of the cell- 
substance, or (2) to a process of solution, depending upon changes 
in the molecular constitution of that cell-substance which allows the 
surrounding fluid to gain ready access to the spherules. These facts 
have an obvious general bearing on the extrusion of stored granules 


from gland cells. 


If the spherule has been impregnated with eosin before solution 
commences we see as it gradually diminishes in size an increase in the 
intensity of the red colouration owing to an increase in the density of 
the pigment. This proceeds until an almost opaque red spot alone 
remains, which in turn finally and completely disappears. The 
increasing density of the pigment however appears to affect the rate of 
solution which becomes increasingly slower as the red tint intensifies ; 
the unstained granule dissolves much more quickly than the stained 
granule. In neither case does any previous swelling due to imbibition 
of water take place; the granule merely diminishes in size until it 
vanishes. We may thus conclude that the compound formed by the 
granule with the eosin is less soluble than the pure granule. Sodium 
sulphindigotate behaves in a way precisely similar to eosin. . 

Size of the eosinophile cells. They vary much in this respect but 
may be said to be from 18 to 27 yw in diameter. They have a 
higher specific gravity than that of the explosive cells; they sink much 
more rapidly. 

The eosinophile cells have, from their permanence in fresh specimens 
of blood, been readily recognised by previous observers. Haeckel 
figured them in 1857, though he failed to detect the explosive cells. 
He found the dimensions of the nucleus to be 8 to 12 broad by 10 to 
24 ½ long. Heitzmann (1873) and Frommann (1888) detected the 


existence of more than one kind of corpuscle in Crustacean blood, and 


the two types of cells as seen after treatment with osmic acid, were 
clearly figured by Prof. Löwit (see his figs. 1 and 2) (11). The last men- 
tioned observer also noticed the disruption of the cells which occurs 
when the blood is shed and to this process he gave the name Plas- 
moschise.” Neither from his paper nor from his figures however does 
one gain a clear conception of the distinctive parts played by the two 
forms of cells. Geddes (8&4) briefly mentions two kinds of corpuscles 
in Pagurus which are respectively coarsely and finely granular. “The 
former are much elongated when freshly drawn, but rapidly become oat- 
or egg-shaped, and throw out blunt pseudopodia from any part of their 
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surface.” The finely granular corpuscles send out filamentous pseudo- 
podia and alone possess the power of uniting with one another to form 
plasmodia. There can be little doubt that the coarsely granular cells of 
Pagurus correspond with the eosinophile cells of Astacus, and it is at any 
rate possible that the finely granular cells of the former also correspond 
with the more evanescent explosive cells of the latter. Geddes figures 
the two types of cells as about the same size, and Lebert and Robin) 
in 1846 found that the blood corpuscles of Pagurus streblonyx measured 
10 to 12˙5 in diameter with a nucleus 75y to 10 in diameter. 

That the presence of corpuscles of divergent types in the same 
animal is a widespread phenomenon in the animal kingdom is shown by 
the fact that no less than four types of cells are found in the perivisceral 
fluid of echinoderms. In the perivisceral fluid of the sea urchin Geddes 
found (1) a flagellated cell which is detached from the living epithelium, 
(2) a cell charged with brown pigment granules and probably con- 
nected with respiration; in addition to these however were (3) finely 
granular ameceboid cells, and (4) less numerous cells full of coarse 
granules and forming short blunt pseudopodia. Dr Griesbach (I)) also 
detected the existence of coarse and finely granular cells in the blood 
of molluscs. 


Other cells found infrequently and in small numbers in the blood 
of Astacus. Basophile Cells. 


The granular cells, even in the blood of a normal animal, are not 
always of the same type. Very rarely in the normal animal, but always 
in blood drawn from animals which have been poisoned by certain 
substances, cells are found which, although they are charged with 
granules closely resembling those possessed by the eosinophile cells, yet 
may by appropriate reagents be shown to profoundly and entirely differ 
from those cells. 

These cells we will call at once with Prof. Ehrlich basophile cells, 
that is, cells whose spherules betray a profound affinity for basic 
pigments such as methylene or methyl blue. 

Reaction with Methylene Blue. The basophile cell may be differ- 
entiated from the eosinophile cells by irrigating the blood with a dilute 
solution of methylene blue in normal saline. While the spherules of the 
eosinophile cells absolutely refuse to stain and the whole cell resists, as 
long as it remains alive, the entrance of the pigment, the spherules of 
the basophile granules stain deeply in the course of a few minutes 
without the cell generally undergoing any obvious changes. 
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Reaction with Osmic Vapour. A second and more valuable differ- 
ential reagent is found in osmic vapour. As has been noted previously 
the eosinophile granules absolutely refuse to stain in the vapour, while 
the cell protoplasm becomes markedly distinct, so as to produce the 
appearance shown in Fig. 3. 

If Fig. 3 is contrasted with the appearance of a basophile cell 
shown at Fig. 12, as it appears after treatment with osmic vapour, the 
profound difference of the two types of cells, a difference which exists 
in spite of their close similarity in the fresh condition, is at once 
obvious. The granules of the basophile cell after treatment with osmic 
vapour stand out sharply distinct from the still clear hyaline cell- 
substance. 

The basophile cells are only rarely found in the blood of normal 
animals, that is to say, they are either present in very small numbers so 
that one overlooks them, or they are really and entirely absent. It is 
most probable that the latter hypothesis is correct, for their presence 
has always been found to be associated with an abnormal condition of 
the blood, such as a general paucity of corpuscles. 

The basophile cells are not only characterised by the reactions of 
their spherules and cell-substance with basic pigment and osmic 
vapour; they also present certain definite and peculiar structural 
features. They are of irregular shape, being either square, triangular, 
or rounded, and in size are larger than the eosinophile cells. The 
basophile cell shown at Fig. 12, and detected in blood drawn from the 
pericardial sinus is squarish in outline. Each side of the square mea- 
sured 38, and the nucleus was 12 in diameter. I have never detected 
any trace of amceboid movement in a basophile cell, though it is probable 
that there are sluggish movements, which from being very slow and 
slight and occurring at several points of the surface at the same time, 


escape observation. There does not appear to be any formation of 


distinct pseudopodia; and associated with the absence of pseudopodial 
movement we find no trace of an external granule-free motile layer 
of cell-substance. There is no indication of any division into ectosarc 
and endosare, the granules extending right to the surface of the cell. 
Another most distinctive feature of these cells is the common 
presence of one or more large vacuoles. There usually is also in 
addition to the granules an irregular ‘amorphous’ mass of refractive 
substance. 
_ The granules of the basophile cells differ very markedly from those 
of the eosinophile cells, In a fresh cell they generally resemble the 
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eosinophile granules in their distinctness, but even under natural con- 
ditions, they are colourless and slightly less refractive, while the fresh 
eosinophile granule has a peculiar yellowish-green tinge. The basophile 
granules also present greater diversity in size, they may be mere points 
or they may measure over 2u-in diameter. The same cell frequently 
contains granules of all sizes. They are much less soluble than the 
eosinophile granules. 

Reaction with Methylene Blue. The granules possess the peculiar 
property of staining a bright rose tint with methylene blue. This 
colour reaction which is excessively distinctive is only clearly seen 
when yellow artificial light is used as an illuminant. If the fresh cells 
be treated with quite dilute methylene blue and viewed with a yellow 
gaslight we have the basophile granules appearing bright rose, and 
nuclei and stained particles, or cell-substance generally, a brilliant blue. 
With natural light the whole reaction vanishes, the spherules appearing 
blue like the rest. 

The amorphous masses are apparently derived from the granules by 
their fusion. This is well shown in Fig. 13, where the outlines of the 
granules are still imperfectly retained. This fusion of the granules is 
part of the normal process going on in the cell, the process however 
is not a simple blending of the granules but their substance at the 
same time largely loses its basophile reaction, staining only very slowly 
and with difficulty. When the staining does take place however the 
tint is pronounced and of a rose colour with yellow light. 


On the Origin of the Basophile Cells. 


In Daphnia as will be pointed out later on basophile cells are com- 
monly present in the blood-stream. In Astacus on the contrary they 
have as it were been withdrawn from the general circulation and only 
appear there under special conditions and as a result of special stimuli. 
In this animal under normal conditions they appear as an important con- 
stituent of a special and peculiar tissue which forms a thick external 
sheath or adventitia to some of the arteries, notably the antero-ventral 
artery. Haeckel has described the main histological features of this 
tissue under the name of the Zellgewebe.“ The tissue may be re- 
garded as consisting of (1) a supporting framework, and (2) a number 
of enclosed cells. The supporting framework when seen in optical 
section has the appearance of a network with nodal thickenings 
containing nuclei, On further examination the network appearance is 
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found to be due to the optical or actual section passing through a 
number of spherical spaces or chambers, the walls of which are to a 
certain extent incomplete, thus placing them in communication with 
one another. The framework therefore is not disposed as anastomosing 
filaments forming a network but rather as a series of lamellæ, which 
bound incomplete chambers’. These are united one to the other by a 
transparent cementing substance. On the wall of each chamber is a 
thickening which encloses a nucleus. Leaving the connective-tissue 
framework, which is of no immediate interest, we pass to the second 
constituent of the tissue, the enclosed cells. 

The cells are large and irregular in shape. They vary in size, the 
one shown at Fig. 14 was found to have the extreme dimensions of 
65 in length and 37p in breadth. In their general character and 
reactions these cells accurately resemble the basophile cells occasion- — 
ally found free in the blood. Frequently however they contain large 
spheres, which by their reaction with osmic acid and from the fact that 
they are soluble in such reagents as turpentine we may conclude to be 
fat. 

If this tissue, immediately after its removal from the animal, be 
slightly teased in a very dilute solution of methylene blue and then 
examined in the course of half-an-hour to an hour, with strong yellow 
light the cell granules will appear as shown in Fig. 14, that is, they 
show a marked rose colour, at the same time the nuclei of the cells and 
the nuclei of the connective tissue appear blue, like the nuclei of the 
basophile cells when stained. In other words we see that the spherules 
of this tissue, like the spherules of such basophile cells as may be 
found free in the general circulation, give this peculiar “rose reaction” 
with methylene blue and yellow light. 


On the Origin of Fibrin-ferment from eubstance 
stored as granules in the explosive cells. 


I purpose to state here very briefly certain facts which tend to show 
that the explosive cells are specially concerned in the production of that 
substance, the liberation of which causes the blood to clot. 

Halliburton (5), Fredericque, Löwit and others have discussed 
the causes of the clotting of Crustacean blood, and the first-mentioned 
brought forward good reasons for believing that there is present in the 
plasma a proteid to which he gave the name of “ crustacean fibrinogen” 


A chamber may measure th of a millimeter in diameter. 
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and which is the mother-substance of the fibrin of the clot. He further 
came to the conclusion that the substance (“fibrin-ferment”) which 
caused the formation of the fibrin is-yielded by the corpuscles of the 
blood, Prof. Léwit studied the changes which the blood undergoes on 
being shed with the aid of cold, and in this way he was enabled to show 
that “diese Abtrennung von Zellprotoplasma von den weissen Blut- 
körperchen —to which he applied the term Plasmoschise—is, at any 
rate in point of time, a precursor of the clotting of the plasma. 

The following considerations lead to the conclusion that this 
substance, fibrin-ferment, is a special product of the explosive cells. 

(1) All writers who have dealt with the blood of the higher 
Crustacea have mentioned the extreme rapidity with which clotting 
follows the shedding of the blood. In describing the changes which the 
blood corpuscles undergo it was noticed that the explosive cells disinte- 
grate with very great rapidity when the blood is shed. In other words 
there is a marked correspondence in time between the solution of these 
corpuscles and the solidification of the plasma. 

(2) On the other hand the only other cellular elements normally 
present, the eosinophile cells, remain unchanged and alive for a consider- 
able time after the blood has clotted. We are therefore compelled to 
refer the origin of the fibrin-ferment to the explosive cells. 

In what relation does the fibrin-ferment stand to the explosive 
cells? Is it a special product of their activity? Though the answer to 
these questions cannot be given with the definiteness and certainty that 

is desirable yet I think that the following facts entitle us to suggest, as 

a provisional hypothesis, that the substance which determines the 
clotting of the plasma is a special product of the activity of these cells 
and is a result of the solution of the cell granules before noticed. I 
have mentioned above that if iodine be present in not too great 
quantity (25 % it delays the post-mortem changes in the explosive 
corpuscles so that one is enabled to watch the gradual solution of the 
granules. Now iodine in about this quantity does not prevent the 
clotting of the blood, it merely delays it, and we find that the time 
of solution of the granules coincides with the time of clotting of the 
blood. It may be noticed in passing that 25% iodine prevents in- 
definitely the explosion of the corpuscles, the shell which remains after 
solution of the granules (Fig. 5) persisting unchanged. Also the iodine 
permanently fixes the granules and cell-substance of the eosinophile 
cells. 

Further evidence is obtained by comparing the action of osmic 
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vapour. This reagent does not appear to interfere with the normal 
clotting of the plasma. A drop of blood suspended over osmic vapour 
passes into the jelly condition in much the same time and way as a drop 
simply exposed to the air. On the other hand blood which is slow in 
clotting, or which refuses to clot, is equally slow in clotting when 
exposed to the vapour, and exposure to osmic vapour fails to pro- 
duce solidification of a drop of blood which would not otherwise clot. 
If this be a normal clotting from whence is the fibrin-ferment 
derived since the explosive cells are preserved by the reagent? The 
answer to this question is found in the fact that the protoplasm of the 
explosive cells after treatment with osmic vapour is singularly clear and 
free from granules. The reagent, while it permanently fixes the 
general substance of the cell, permits or aids the solution of these 
granules as we have seen reason to believe that it does in the case of 
the eosinophile granules. 

Causes determining the explosion of the explosive cells and the clotting 
of the plasma. A few points of interest may be noticed under this 
heading. The explosion of the corpuscles when blood is shed appears 
to be mainly due to either (1) contact with foreign solid bodies, or (2) 
by the presence in the plasma of the products of the disintegration of 
other explosive corpuscles. This may sometimes be beautifully seen by 
placing a large drop of blood on a coverslip and inverting over a cell. 
The corpuscles in contact with the glass explode practically at once, 
while as one focuses further and further into the hanging drop one sees 


a larger and larger number of intact cells, which in their turn explode. 


On the Changes produced in the Corpuscles by the injection of solid 
particles and on the production thereby of a special phagocyte modi- 
fication. 


I do not propose to deal in this paper with the function of the 
various types of cells, nor with the modifications in their absolute or 
relative abundance which may be produced by the introduction into the 
blood of various poisons. My experiments in that direction are still 
incomplete. The reason therefore for bringing forward this isolated 
case is that any account of the histology of the blood would be defective 
which did not mention the phagocyte modification of the explosive cells 
which occurs as a result of the presence of an abundance of foreign solid 
particles in the plasma. I used for the purpose of the experiments 
Indian ink, and it was injected suspended in sterilised (boiled) normal 
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salt solution’, Different amounts of salt solution were injected in 
different experiments, the amount varying from 3 minims to } of ac.c., 
the solution in each case being very highly charged with suspended 
Indian ink. 

I may remark in passing that the general effect is to produce a 
considerable drop in the total number of corpuscles free in the blood. 
The number is smallest a few hours after the injection, then they 
commence to increase in quantity, so that in about twenty-four hours 
they are more numerous than at the commencement of the experiment. 

If the blood be examined in the fresh condition about an hour after 
the injection the plasma will be found to be still highly charged with 
ink particles. Here and there in the preparation large cells are to be 
seen (Fig. 16) of an irregular shape, with numerous irregular and 
exceedingly fine pseudopodia, and with striking vacuoles of varying size 
in their substance, which is of a very clear transparent nature. These 
cells are highly charged with ink particles which are imbedded in patches 
in the cell-substance, in the neighbourhood of a vacuole. I have seen 
a group of particles which lay at the edge of a vacuole suddenly dis- 
charged into it, whereupon they at once exhibited active Browman 
movements. One also sees explosive cells containing ink particles, and 
this the more readily because the presence of the included foreign 
matter appears to delay their disintegration. On the other hand one 
notices the striking fact that in no case can ink particles be detected 
in the interior of eosinophile cells. 

What is the origin of the above-mentioned large hyaline cells? The 
study of osmic vapour preparations leads to the conclusion that they 
are modified explosive cells, formed in some cases at any rate by the 
fusion of two or more to form a plasmodium. In the osmic vapour 
preparation we notice that the great number of the explosive cells are 
charged with ink particles (Fig. 18). Where this is not the case we 
see a striking incipient vacuolation (Fig. 17). On the other hand the 
eosinophile cells show no included particles. 

We thus have the remarkable fact that power of ingesting solid 
particles of the nature of Indian ink appears to reside only in one of the 
two kinds of cells normally found in the blood of Astacus. On the 
other hand, and the fact has a certain bearing on the function of the 
basophile cells, the cells of the basophile “Zellgewebe” take in the 

A Control experiments were carried out to determine the effect of normal salt solution 


alone when injected in varying amounts. They do not affect what is stated above and 
therefore will be passed by for the present. 
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particles of indian ink to a limited extent. Every cell in the tissue 
may, and probably does, contain ink particles but never in great abun- 
dance. In the place of dense clumps of aggregated granules we find 
scattered, isolated ink particles which are grouped round the basophile 
granules. 

THE BLOOD CorPUSCLES OF DAPHNIA. 


The blood cells of Daphnia may be easily observed while still in the 
unchanged blood stream owing to the generally transparent nature of 
the animal. They are best seen in the blood space in the shell, where 
they may be noticed as granular amceboid bodies hurrying past in the 
blood stream. It is at once obvious, and prolonged examination con- 
firms the impression, that the blood cells of Daphnia are all of one kind. 
Corresponding to the generally archaic character of the animal we find 
that its blood cells show no trace of differentiation into markedly diffe- 
rent types such as are found in the greatly more advanced form Astacus. 
On the contrary they all appear as more or less ameeboid cells, about 
7 to 8 in diameter, and more or less charged with distinct spherules, 
about 5 w in diameter. 

In the relatively sluggish stream which is found in the blood spaces 
in the shell the corpuscles may be easily and carefully watched. 

The first property of the cells which strikes one is their adhesiveness. 
A cell as it streams along may be seen to touch the walls of the space, 
when it usually sticks for a moment. The adhesion is usually most per- 
sistent at one particular spot on the surface of the cell. The rest is 
readily detached and streams away in the current, remaining anchored as 
it were by a hyaline process which may attain an extraordinary length. 
After a while either this is ruptured or the adhesion parts, and the 
cell passes on in the stream. 

The adhesiveness of the cells is a curiously variable property. At 
one time the slightest contact suffices to fix them, at another it is 
exceptional to see a stationary corpuscle. Their adhesiveness may 
become so marked that of the very numerous corpuscles present only a 
few may remain in circulation, and this condition is not necessarily 
connected with the existence of any specific disease or obviously patho- 
logical condition of the blood. On the other hand, and in this respect 
the blood cells of Daphnia resemble the colourless corpuscle of Verte- 
brates, any local irritation, such as a slight injury to the shell or the 
presence of an irritant, is sufficient to immediately fix any corpuscles in 


the neighbourhood. Similarly, weak induction shocks, while not affect- 
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ing the heart-beat, may so far modify the condition of the corpuscles in 
the direction of increased adhesiveness that none remain free in the 
circulation. 

The blood cells not only show variations in their adhesiveness but 
also in the extent to which they exhibit amoboid movements. When 
the cells are free in the circulation and when therefore their adhesive- 
ness is slight they are usually rounded, and the increase in adhesiveness 
is, up to a certain point, associated with an increase in their irregularity 
of form and activity of movement. 

The most striking fact concerning the blood corpuscles of Daphnia 
is that they are extremely generalised and primitive in their characters. 
There is no sharp distinction into two kinds of blood cells such as exists 
in Astacus, and further, the blood cells of Daphnia not only represent 
the blood cells of Astacus but they also perform functions which in 
the higher animal are relegated to cells which are no longer wandering 
but are fixed in a particular tissue, namely, the basophile tissue. It 
appears to me to be a point of remarkable morphological interest that 
the archaic features of the anatomy of Daphnia should extend to its 
blood cells. It is also an important gain to be able to regard the blood 
cells of the more complex type as a specialised tissue, or tissue sharply 
defined morphologically, and probably also possessed of equally sharply 
defined physiological characteristics. In other words the wandering cells 
of the body are not merely an amorphous residue of the primitive meso- 
blast, that is to say not merely mesoblast cells which have had no share 
in the morphological changes of the body, but a portion of that meso- 
blast which though remaining free in the body spaces has taken part in 
the general increase in complexity of form and specialisation of function 
so far as to become differentiated into parts which play very distinct 
roles in the economy of the animal. This point can only be briefly 
mentioned here, it will receive I hope more complete discussion in con- 
nection with what I may have to say at some future time in connection 
with the functions of the eosinophile and basophile cells of Astacus, It 
will be sufficient here to notice certain of the primitive features of the 
blood cells of Daphnia. 

Most important is the absence of any division of the cells into 
different types. Each cell of Daphnia includes within itself the charac- 
teristics of the explosive and eosinophile blood corpuscles and of the 
basophile cells of the cell tissue of Astacus. They also all of them may, 
under appropriate conditions, ingest solid masses. 


The explosive nature of the cells. The blood corpuscles of Daphnia 
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may, as was pointed out by Metschnikoff ), disintegrate with explo- 
sive rapidity under certain conditions, namely, under the influence of 
certain poisons formed by the Torula found by him in the blood of 
Daphnia. “Auch konnte ich mehrmals sehen, dass die Blutkérperchen 
in der Nachbarschaft mit zahlreichen Pilzzellen sich allmählich auflés- 
ten und vollständig verschwanden, was darauf hinweist, dass die Conidien 
irgend eine für Blutkörperchen schädliche Flüssigkeit absondern.“ That 
is to say, just as in the shed drop of Astacus blood suspended on the 
under surface of a coverslip the explosive cells remote from contact with 
the glass appear to be exploded by the presence in the plasma of the 
products of the explosion of those cells in contact with the glass, so in 
Daphnia the blood cells may be exploded by the presence in the plasma 
of the powerful irritant poison produced by the Torula. 

Similarly, one sees a very rapid disintegration of the blood corpuscles 
of Daphnia if the animal be teased on the slide, the disintegration being 
I think enormously hastened by the liberation of the contents of the 
gut. 

The ingestion of solid particles by the blood cells of Daphnia is a 
remarkable phenomenon and clearly illustrates the statement that the 
cells are all alike. Metschnikoff has shown that the corpuscles ingest 
and digest the spores of the Torula, and further, they may form plas- 
modia, recalling the special phagocytes produced by fusion and modifica- 
tion of the explosive cells of Astacus: but a striking light is thrown 
on the general part played by these corpuscles in the economy of the 
animal when we find that they may be loaded with ingested particles 
derived from the alimentary canal. These substances are fat and 
carmine, and to clearly understand the part played by the corpuscles it 
will be advisable to summarise briefly the fate of fat in the animal. 

The digestion of Fat by Daphnia. Daphnia may be fed readily with 
almost any substances, since it appears to possess little power of select- 
ing its food. Particles of carmine, indian ink, indigo-carmine, alizarine, 
methylene blue, or globules of fat are readily taken into the alimentary 
canal. It thrives remarkably well on fresh yolk of egg, which constitutes 
a diet rich in fat and fat-forming constituents. The fresh yolk is 
mixed with sufficient aquarium water to produce a creamy emulsion, 
this is then poured with a fine pipette over the bottom of a dish 
containing water in which are some Daphnias. The emulsion spreads, 
forming a kind of mud and mixes scarcely at all with the supernatant 
water in which duckweed or some green plant should be kept to supply 
oxygen. The Daphnias for the most part swim about in the clear water 
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but frequently settle for brief periods into the emulsion. The conditions 
closely resemble the normal condition of Daphnia which feed on the 
vegetable mud at the bottom of the aquarium. 

In the course of a few hours the gut walls are found to be studded 
with fat globules which are imbedded in the columnar cells; in about 
ten to twelve hours every blood corpuscle in the body is found to 
contain a fat globule or globules, 

Daphnia possesses a special fat-holding tissue which is composed 
essentially of rounded cells anchored by fine processes. Under the cir- 
cumstances just mentioned these become charged with fat particles. I 
further convinced myself that this tissue may, when a great quantity of 
fat is absorbed, be recruited from the blood cells which fix themselves 
as now stationary fat-holding cells. In Fig. 24 a recently fixed cor- 
puscle is shown. 

The presence of fat globules in the blood corpuscles of Daphnia 
cannot be regarded as a pathological phenomenon. In well-fed indivi- 
duals actively engaged in egg building it is ordinarily seen. The huge 
summer eggs are highly charged with fat globules, and their production 
entails a large fat-forming activity on the animal. 

Inert substances, such as carmine, if mixed with a food substance, 
such as fresh yolk of egg or milk, also pass through the gut wall and 
appear to a relatively limited extent in the corpuscles, eventually 
passing into the cells of the end sack of the shell-gland. 

The granules of the blood corpuscles of Daphnia are largely of a 

basophile nature and give the rose-colour reaction which is so typical of 
the basophile granules of Astacus. The blood corpuscles of Daphnia 
thus in every respect include the characters and functions of the basophile 
cells and tissue of the higher form, and in the occasional wandering of 
the fixed basophile cells of Astacus into the general circulation we see a 
partial return to a more archaic condition. 

The histological characters of the basophile cells of Astacus, and the 
close connection of the basophile blood corpuscles of Daphnia with events 
taking place in the alimentary canal, lead to the conclusion that the 
basophile cells of the Crustacea are intimately related to the normal 
metabolism of these animals. 

The blood corpuscles of Daphnia reproduce by direct fission. This 
fact has been previously noted by other workers. The blood corpuscles 
of Astacus also reproduce in a similar way. Fig. 6 shows an explosive 
corpuscle undergoing division. 
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REFERENOES TO PLATE VII. 


Fig. 1. Living eosinophile cell fully loaded with granules. Oc. 4, Ob. D.' 
Cam. 

Fig. 2. Nucleus surrounded by the remains of the cell substance of an 
explosive cell. Fresh preparation. Oc. 4, Ob. E. Cam. Luc. 


Fig. 3. Group of eosinophile and explosive cells after fixation with osmic 
vapour. The eosinophile cells show the characteristic vacuolate appearance (as 
seen in optical section), which results from the disappearance of the granules. 
Oc. 4, Ob. D. Cam. Lue. 


Fig. 4. Eosinophile cell from which, as a result of its removal from the 
body, the greater number of the granules have been dissolved, leaving vacuoles. 
Fresh preparation. 

Fig. 5. Eosinophile cell showing vacuolate endosarc. The blood of the 
animal from which this cell was taken contained numerous eosinophile cells, 
which, like the example figured, had discharged their granules while still 
within the circulation and as the result of some special stimulus. Fresh 
preparation. Oc. 4, Ob. D. Oam. Luc. 

Fig. 6. Explosive cell undergoing division. 

Figs. 7, 8, and 9. Stages in the explosion of ee 
the aid of Iodine. Oc. 4, Ob. D. Cam. Luc. 

Fig. 10. Eosinophile cell showing a stage in the colouration of the granules 
with indigo-carmine. Cam. Luc. 

Fig. 11. Explosive cell. Osmic vapour. Oc. 4, Ob. E. Cam. Luc. 

Fig. 12. Basophile cell from blood. Osmic vapour and Haematoxylin. 
Oc, 4, Ob. D. Cam. Luc. 

Fig. 13. Basophile cell from blood to which a slight quantity of methylene 
blue has been added. Illuminated with ordinary gaslight. Cam. Luc. 

Fig. 14. Basophile cell lying in a chamber of the basophile tissue. Fresh 
tissue treated with dilute methylene blue in normal salt solution. Ordinary 
gaslight. Oc. 4, Ob. D. Cam. Luc. 


1 Oculars and Objectives referred to are those made by Zeiss. 
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Fig. 15. Explosive cells treated with dilute iodine solution. The one to 
the left is the cell as first seen. The one to the right is the same cell as it 
appears about 15 m. after fixation. Oc. 4, Ob. D. Cam. Lue, 

Fig. 16. Phagocyte” from blood. Indian ink particles in heaps. Fresh 
preparation. Oc. 4, Ob. E. Cam. Luc. 

Fig. 17. Vacuolate explosive cell from blood one hour after injection of 
Indian ink. Osmic vapour. Oe. 4, Ob. D. Cam. Luc. 

Fig. 18. Explosive cell from blood one hour after injection of Indian 
ink. It contains little clusters of particles. Osmic vapour. 

Fig. 19. Blood corpuscle of Daphnia as it appears in the living animal. 
Oc. 4, Ob. Path, Zeiss. Cam. Luc. Owing to the very flat field of the ob- 
jective used, only a few of the granules present are seen. 

Fig. 20. Blood corpuscle of Daphnia containing a small heap of carmine 
grains. From living animal. Oc. 4, Ob. D. Cam. Luo. 

Fig. 21. Blood corpuscle of Daphnia with granules stained by methylene 
blue. Ordinary gaslight. Oc. 4, Ob. E. 

Fig. 22. Blood corpuscle of Daphnia with small fat drops. From living 
animal. 

Fig. 23. Blood corpuscle of Daphnia with large fat drops. Oc. 4, Ob. D. 

Fig. 24. Blood corpuscle of Daphnia containing fat globules immediately 
after its attachment to abdominal fat tissue. Oc, 4, Ob. D. Cam. Luc. 


Fig. 25. Basophile cell from blood of Astacus. Unstained. 
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A CONTRIBUTION TO OUR KNOWLEDGE OF TASTE 
SENSATIONS. By L E SHORE, M.A, M. D., Fellow of 
St John’s College, and Demonstrator in Physiology in the Uni- 
versity of Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


THIS paper is the outcome of an examination of the action of the 
leaves of Gymnema Sylvestre on the sense of taste. The plant is an 
Asclepiad, and flourishes in the Deccan Peninsular and other parts of 
India, and in Africa. The dried leaves with which I worked I owe 
to the kindness of Mr Thiselton Dyer of Kew, and Mr Lawson, 
Director of Public Gardens at Ootacamund, Madras. 

It has been lately discovered that after chewing the leaves of this 
plant sugar no longer excites a sweet taste. | 

Hooper“ made an analysis of the dried leaves and showed that an 
organic acid was present. After ether has been used to extract the 
chlorophyll and two resins, an alcoholic extract contains an organic 
acid united with some base as yet undetermined, a neutral bitter 
principle, some glucose and other unimportant bodies. If the alcoholic 
extract is dissolved in water, and sulphuric acid added, a bulky 
precipitate is produced. This is the body, in a crude state, which 
Hooper considered allied to chrysophanic acid and named gymnemic 
acid. It occurs to the extent of about 6°/, of the dried leaves. He 
found that it was to this body that the action of the leaves of the plant 
on taste was due. Berthold“ obtained similar results. 

Dr Ruhemann of Caius College kindly undertook for me the 
chemical investigation of the leaves. 

The leaves were extracted with water in a Papin’s digester, and 

1 Hooper. Examination of the leaves of Gymnema Sylvestre.” Paper read at the 


Nilgiri Nat. History Soc, Ootacamund. Nature, April 14, 1887, 
2 Berthold. Centralb. f. d. med. Wiss. 1888. 460. 
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from the filtered solution a bulky precipitate thrown down by the 
addition of hydrochloric acid. After repeated washing, the precipitate 
was dissolved in alcohol, and the alcoholic solution decolourised by 
repeated boiling with animal charcoal. On concentration the solution 
deposited an almost white crystalline powder, which was further purified 
by dissolving it in ammonia, filtering and reprecipitating with 
hydrochloric acid. The substance, so obtained, is probably a derivative 
of anthracene for it yields this hydrocarbon or a homologue of it on 
distillation with zinc dust. A detailed account will be published by 
Dr Ruhemann when the body has been further investigated. The 
substance is insoluble in water, so that its sodium salt was made, and 
an aqueous solution of it used in many of the experiments, but as the 
investigations were commenced by using merely a 5°/, or 10°/, 
aqueous decoction of the leaves, it will be best to record them as they 
were actually made. In the later experiments a 1°/, or 2°/, solution 
of the sodium salt of gymnemic acid (retaining the name proposed by 
Hooper) was found more convenient to use, but the results differ in 
no way from those obtained by using a decoction of the leaves. I shall 
speak of the drug briefly as gymnema. 

Hooper states that its paralysing action seems to be confined 
to sweet and bitter tastes only, and that it has no power of preventing 
the taste of acids and salt. 4 

So marked a differentiating action on nerve endings seemed to merit 
a careful detailed investigation. 

In this research I have confined myself to the effect of the drug on 
taste in man; the work having been chiefly conducted by experiments 
on my own tongue, but the leading features have been tested on some 
20 different persons. 

Before the action of gymnema on the taste of different substances 
could be determined, it was of course necessary to know accurately the 
taste, under normal circumstances, of the various substances to be 
experimented with, and knowing well that the power of perceiving 
certain tastes differs in different persons, and on different regions. of the 
tongue of the same person, I determined that I must, at the outset, 
have an accurate knowledge of the perception of tastes in various parts 
of my own tongue. No detailed observations have been made on parts, 
stimulation of which excite sensations of taste, other than the tongue, 
but in a few observations the drug was allowed to act on all parts 
to which fluid in the mouth i is accessible; tongue, hard and soft palate 
and adjacent parts. 
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At first it seemed sufficient to accept the conclusion of most 
modern physiologists, viz.:—that tastes may be divided into four 
classes, sweet, bitter, acid and salt, and take a simple example of 
each. 

As examples I selected the following :—glycerine, quinine sulphate, 
sulphuric acid and pure sodium chloride, all being used in their watery 
solutions, 

I made myself familiar with the exact taste of these substances in 
solutions of various strengths and applied to different parts of the 
tongue, and with a view of detecting any slight action which the 
gymnema might possess determined the weakest solutions that would 
excite taste in the different regions. 

As a rule the solutions were applied at the temperature of the room, 
and the action of gymnema tested under the same conditions, but the 
strengths of the minimal solutions required to excite taste given in the 
following table are those that are required when the solutions are 
applied at the temperature of the body, it being known that this is the 
most favourable temperature.. 


Table of minimal percentage strengths of solutions required to excite 
taste in different regions of the tongue. 


| | Quinine. | H,S0, Nadi 
Tip | 5 | 5 4 
‘ 
Dorsum No taste even in 3 solutions. 


The taste at the tip was found to be most acute at the very edge at 
each side about a centimetre and a half from the middle line. It is 
this part which will be subsequently spoken of as the tip. It is seen 
that here the tongue is most sensitive to sweet and acid tastes, The 
power of perceiving bitter is much less than in any other region. The 
025 % solution of quinine sulphate is not tasted as bitter till some 
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time (2 to 5 seconds) has elapsed and the drop has had time to spread 
to some extent and so to act on more nerve endings. Stronger solu- 
tions of quinine than this excite when applied to the tip an initial 
slight sweetish taste or sweetish acid taste; a 1% solution (which 
requires no acid to assist solution) excites a slight initial acid taste, 
before the marked bitter sets in. These points will be discussed later. 

The right edge is more sensitive to bitter and less so to acid than 
the left. 

The absence of taste on the dorsum of the tongue is met with 
in all persons. It is difficult to define exactly the limits of this region. 
I find that in myself it extends from a point about 2 cm. distant from 
the tip for about 3 cm. back, and extending laterally about 1} e. m. on 
each side of the middle line. 


Action of gymnema on the taste of the above substances. 


The gymnema decoction has an acrid bitter taste on all tasting 
regions of the tongue, but this is not very strong even at the back. 
This taste very largely dies away as its application is proceeded with, 
and in about 15 to 30 seconds a slight tingling sensation is experienced 
(probably due to resins or some other bodies present), but this soon 
passes off and then the further application of the decoction to the same 
spot produces no bitter taste. | 

As all my experiments were conducted in essentially the same 
manner, I select here only a few as types and give in detail later its 
action on the different tastes. 

I. Placed 2 drops of 5°/, decoction on tip. In 20 seconds washed 
out the mouth. Applied a drop of 10°/, glycerine. Not tasted till 4 
seconds had elapsed and diffusion from the spot acted on had occurred. 
Mouth washed out. In 6 minutes a 1% glycerine just tasted sweet, so 
the effect of the gymnema had nearly passed off. 

II. Applied the decoction to the tip for 1 minute. Washed out 
mouth. 1 minute after applied 50°/, glycerine, just tasted sweet in 5 
seconds, due to diffusion. In 15 minutes the effect had nearly passed 
off, as 10°/, glycerine at once tasted sweet. 

III. Tip and adjacent parts immersed in the decoction for 1 
minute. Mouth washed. Strong glycerine applied: no sweet taste, 
but after 1 to 3 seconds gives rise to a slight burning sensation with 
feeling of weight. This will be referred to later. 

Experimenting in the same manner with sulphate of quinine it is 


shown that the application of the decoction to the tip for 1 minute 
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prevents the bitter taste of a 1% solution of quinine (containing ‘01 °/, 
H. S0. 

Similarly the application of the decoction to the edge and back of 
the tongue prevents the taste of solutions of glycerine and of quinine. 
At the back a longer action is required to prevent bitter taste, but 
after the action of the drug for 14 minutes a 1% solution of quinine, 
which is normally strongly bitter at the back, is not tasted. 

From a large number of experiments with these four substances I 
find that the action of gymnema on the taste they excite may be stated 
briefly as follows: 

Glycerine. The sweet taste is very readily prevented in all regions. 

Quinine. The bitter taste is easily prevented, but not so readily 

as that of glycerine, especially at the back of the 
tongue. 

H,SO,. Acid taste in dilute solutions not affected at all. Very 
dilute solutions still with ease detected. After pro- 
; longed action of gymnema 05 % H, SO, still detected at 
the tip. 

NaCl. Salt taste very slightly, if at all, influenced. After 

prolonged action 5% still detected at the tip. 

It will be thought that so marked a differentiating action on taste, 
as gymnema possesses, would render the drug useful in throwing light 
on some doubtful points connected with tastes and on their relation to 
other sensory impressions. 

Before discussing in detail any information it may afford as to the 
nature of different tastes I will state its action on tactile perception 
and on the sensations excited by electrical stimulation of the tongue. 


Action of gymnema on tactile perception. 

Gymnema has no power to diminish either the discrimination of 
points or the perception of induction shocks. Two points may still be 
perceived as distinct when only a mm. apart, at the tip. 

The only change I observed was that at the edge the points | 
required to be pressed rather more than before. Varying results were 
sometimes obtained, and I find that in two cases even a less distance 
was given after the action of gymnema at the back and edge. In | 
some cases also the distances were increased. But bearing in ) 
mind, that accurate determinations are difficult, and that vari- | 
ations probably occur, and that at the tip the tactile perception | 

after the action of gymnema is still very acute, I think we can | 


1 
q 
705 * 
4 
— 
— 
P 


196 | L. * SHORE. 


be certain that the action, if any, is very slight. Gymnema has no 
action on pain. The prick of a needle excites the same sensations. 


Action of gymnema on taste due to mechanical stimulus. 


Touching, rubbing, or pressing different parts of the tongue and 
palate excite in addition to tactile and general sensations, sensations 
which must be ascribed to an excitation of the nerves of taste. 

Valentin“ found that pressure at the tip of the tongue excited an 
alkaline taste, which after the pressure was removed passed into an 
acid taste; while at the back pressure caused a weak bitterish taste. 

Wagner" states also that a bitter taste is excited when the back of 
the tongue is pressed by the finger, and that this passes oVer into a 
sensation of nausea. 

It has been stated by some that an acid or salt taste is excited 
by pressure at the tip very like that caused by electrical stimulation. 

In my own case I cannot say that any very definite tastes are 
produced, but it is quite certain that after tapping a part of the tongue, 
with a rod, that a sensation persists for a considerable time, after the 
irritation has ceased. This is not observed when the lips are struck 
and only to a slight extent when the dorsum of the tongue is tested. 

Such taste sensations as I have experienced are the following :- — 


Tip. Slight sweetish taste. 
(both). Bitterish. 
Bitterish. 


* as are not perceived till some little time, even as long 
as 5 to 10 seconds, after the rubbing. The best marked is the bitterish 
sensation at the back. This is not observed after gymnema. 


Action of gymnema on “electrical taste.” 


In addition to tactile, and painful sensations which are excited by 
electrical stimulation of the tongue, well-marked taste sensations are 
set up. The question will be considered under the following heads: 

(1) Tastes excited by the passage of a constant current. 

(2) Tastes excited at the make and break of the constant 
current, 

(3) Tastes excited by induced currents. 

Passage of a constant current. The current from a single Daniell’s 
cell (or from a powerful bichromate battery) was used, a commutator 


1 Valentin. Lehrb. d. Physiologie. 
Wagner. Lehrb. d. spec. Physiologie. 
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and a key being introduced into the circuit. The electrodes used 
were either:—({1) Blunt copper points. (2) Platinum points. (3) 
Small flat smooth zinc plates. (4) The so-called “non-polarisable” 
china clay electrodes moist with distilled water. The results with 
the different kinds were substantially the same. 

When one electrode was placed on the region to be tested, the 
most marked tastes were excited when the other was pressed against 
the moist inner-side of the lip. When not otherwise stated it is to be 
understood that one electrode is in this position. No taste is excited 
here. 

The following is a tabular statement of the tastes excited in 
different parts by the current from a single Daniell’s cell. 


Anode acid-salty acid-salty bitterish acid 


Cathode burning alkaline | burning alkaline | bitterish alkaline 


With the anode the acid salty taste is strongest at the tip. It 
is nearly imitated by a mixture of a 3°/, H,SO, solution and a 
3 NaCI / solution in equal parts. 

With the cathode the burning alkaline taste is very like that 
produced by a 10% solution of sodic carbonate. 

At a spot, on the edge of the tip about 15 m. from the middle line, 
the greatest effect is produced in both cases. 

Make and break of the constant current. The tastes excited by 
the passage of a constant current are so marked, that it is difficult 
to judge of independent tastes excited at the make and break when 
strong currents are used. With weak constant currents the following 
tastes are observed. 


Make. Break. 
Anode distinct acid taste no taste 
Cathode no taste (persisting as an after-taste) 
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It must be understood that the current used in this case is very 
weak, so that only a very weak acid taste is caused at the anode during 
the passage of the current, and a very weak alkaline one at the 
cathode. 

When somewhat stronger currents are used it is found that, with 
the anode, the taste excited is at its maximum at the moment when 
the current is made, that due to the continuance of the current being 
less, and no additional taste is excited at the break. 

With the cathode the taste is at its maximum at the break, and 
the acid taste then excited is stronger than the alkaline taste due 
to the current before the break. With strong currents these points 
are not noticed. 

Tastes excited by induced currents. A du Bois-Reymond’s induc- 
tion machine was used, and the make and break induction currents 
were equalised as accurately as could be indicated by a sensitive muscle. 
The electrodes consisted of smooth, flat, zinc plates, in order that the 
stimulus should act on a wider area than when pointed electrodes are 
used, it being well known that the effect of a weak stimulus in exciting 
taste is increased if the area acted on is increased. On the other hand 
tactile impressions, produced by interrupted currents, are stronger with 
pointed electrodes, and as it was my endeavour to see if such a stimulus 
could excite taste, the reduction of concomitant tactile impressions as 
much as possible, rendered the choice of electrodes important. 

The following table gives the sensations produced on the tongue by 
very weak rapidly alternating induction shocks. The numbers in the 
first column are taken from the scale on the induction machine, and 
indicate in centimetres the distance of the secondary from the primary 
coil, and are only of value in comparing the relative strengths of the 
shocks used. A strong bichromate battery was used. 

The stimulation of the dorsum of the tongue, either with the 
constant current or with induction shocks, gives rise to no sensations 
of taste. 

These experiments show that with weak induction shocks very 
definite tastes may be set up, free from tactile impressions. With 
stronger shocks the rapidly recurring tactile sensations obscure any 
effects of stimulation of taste nerve-endings’. 


1 Hermann and Laserstein (Pfliiger’s Arch. xurx. 519) have also found that acid 
taste is excited by weak rapidly alternating induction currents, before tactile sensations are 
set up. This paper, which was published after my work was completed and written, gives 
a full discussion of our knowledge of electrical taste. 
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Sp. Edge. Back. 


ax | slight acid | right slight acid taste 3 


13 | acid taste | Tight bitterish acid taste 


left acid tast bitterish acid taste 


right distinctly bitter at 
12 acid taste first, acid afterwards | bitter, then acid 


same taste same taste same taste 


9 Shocks are now just felt as tactile impressions when the elec- 
trodes are lightly touching the tip or edge. 


strong acid | right bitter, then acid marked bitter, then 
taste left slight bitter, then acid acid 


Shocks felt as tactile impressions. _ 


Acting as gymnema does only on sweet and bitter tastes, one would 
not expect it to have much if any action on “electrical taste.” After 
both slight and prolonged usé of the drug I have arrived at the follow- 
ing conclusions. 

At the tip and edge, the taste excited at the anode by the passage 
of the constant current is unaffected. At the back, the taste is 
changed, it is no longer bitterish, the bitter part is cut off, and it 
becomes a weak acid-salty taste. The taste excited at the cathode is 
also unaffected at the tip and edge. At the back in this case but little 
change can be perceived, and it is found that normally the bitterish 
part of the taste is not so readily detected as at the anode. We should 
not expect then that gymnema would produce much change. 

With reference to the taste caused by induction shocks the bitterish 
taste at the right edge and the bitter taste at the back may be entirely 
done away with. After gymnema there is no initial bitter taste in these 
regions, an acid taste distinct at the edge but weak at the back is then 
alone perceived (weak induction shocks being used). 

In the case of another person (A.) on whom I tried the effect of 
weak induction shocks on the tongue a very clear difference was 
established between the effect on the tip and on the back. Applied to 
the tip weak shocks caused a taste, which was likened more to that of 


at taste | left slight acid taste taste 

oft acid taste 
8 — 
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strong NaCl solutions, than to that of an acid, and applied to the back 
caused a very marked bitter taste. The application of gymnema had 
no effect at the tip, while at the back the bitter taste was entirely 
prevented. Even after moderate action only of the gymnema in this 
case, weak induction shocks, applied to the back, produced no taste at 
all. On one occasion a slight salt taste was set up. 

I do not propose to enter into the question of the causation of the 
electrical taste, beyond pointing out briefly what light the action of 
gymnema can throw on the question. I must also briefly compare my 
observations on the electrical stimulation of the tongue with those 
of others, 

The majority of observers have found that with the passage of the 
constant current an acid taste is generated at the anode and an alkaline 
at the cathode. | 

Volta’ finds. an acid taste produced at the anode and at the 
cathode a sharp acrid approaching to bitter taste. 

According to Von Vintschgau“ the anode at the tip, excites an 
acid metallic, or bitterish metallic taste, at the back a bitterish- 
acid-metallic ; while the cathode gives rise at the tip to a metallic 
astringent or metallic bitterish taste, and at the back to a weak acid or 
bitterish metallic taste. 

In my case I am unable to find any bitter taste at the tip with 
either anode or cathode. 

Ritter“ found that with the anode on the tongue, at the break of 
the current, the acid taste became an alkaline bitter; and with the 
cathode that the alkaline taste became an acid taste. 

Rosenthal“ also observed this inversion at break. 

Ritter also pointed out that the acid generated at the break of th e 
cathode persisted as an after-taste. V. Vintschgau states that the 
acid metallic taste excited by the cathode at the back becomes on the 
break a metallic taste. 

As gymnema has no action on acid taste, or on other. sensations 
excited by acid (to be treated of later), I am unable with its aid to 
decide whether the acid taste excited by the constant current is due 
to stimulation of taste nerves, nerves of general sensations, or to 


1 Volta. Quoted by V. Vintschgau as below, p. 100. 
2 V. Vintschgau. Pfliiger’s Archiv, xx. p. 81. 


Ritter. Quoted by V. Vintschgau in Hermann’s Handb. Bd. 11. Geschmacksinn, 
p. 183. 


* Rosenthal. Ueber den elektrischen Geschmack. 
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electrolysis; but turning to the action on the bitter taste excited 
by induction shocks, it seems to me that an important inference can 
be made. 

As an argument against the direct stimulation of taste nerves by 
electricity Valentin has urged that sweet and bitter tastes are not by 
this means excited. I can only state that whatever doubt may exist as 
to the bitterish acid excited by the anode at the back, there is no 
doubt as to the bitter due to weak induction shocks, which is found 
very clearly in some persons. 

Now it is an important fact that the initial bitter taste perceived at 
the right edge and back in my case is cut off by gymnema; and that in 
the case of A. the bitter taste experienced at the back is entirely 
prevented, no taste at all resulting from weak shocks. Acting as 
gymnema does on pure sweet and bitter tastes only, this seems 
conclusive proof that the interrupted current has stimulated the nerve 
fibres or end-organs concerned with bitter tastes. It is at the back 
where such a stimulation would be expected to be discovered, as it is 
here where taken as a whole the perception of taste is best, especially 
for bitter, which is here much more acute than for acid. We have also 
seen that tactile perception is not so acute at the back. It is observed 
that as the strength of the shocks is increased the taste becomes more 
acid at the back after gymnema, and in the case of A. becomes salty - 
and acid, when the individual shocks give rise to tactile impressions. 

At the tip we also see that the tactile nerves are stimulated later 
than those concerned with acid taste, and that the latter is due to direct 
stimulation and not indirectly to electrolytic products seems to be 
highly probable when we consider that the taste is excited by rapidly 
alternating currents of equal magnitude. Even if we accept as satis- 
factory evidence against electrolysis the experiments of Volta“, who 
showed that the acid taste with the anode is still perceived when the 
tongue is dipped in an alkaline fluid; and of Rosenthal“ who tested 
the reaction on the tongue with litmus paper, we have still the 
possibility as Gruenhagen’ has pointed out of the electrolytic decom- 
position of fluid in the tissues immediately round the nerve endings. 

V. Vintschgau“ points out the strong argument derived from the 
break of the constant current. According to him both with the anode 


1 Volta. See Geschmachsinn, Hermann’s Handb. p. 185. 

Rosenthal. Ueber den elektrischen Geschmack, 

* Gruenhagen. Lehrb. d. Physiologie, Bd. 1. p. 208. 

V. Vintschgau, ‘Electrische Reizung der Zunge. Pfliiger’s Arch. xx. 81. 
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and with the cathode the taste passes over to a metallic one on breaking. 
This he has observed with the cathode even when the current is not 
strong enough to excite taste during its passage. 

With this my statement above that with the cathode the taste is at 
its maximum at the break agrees. I find that a weaker current will 
excite taste at the anode easier than at the cathode. 

Both from V. Vintschgau’s observations and from mine it is seen 
that we have apparently a change from the normal to the anelectrotonic 
condition more powerful as a stimulus than the change from the 
anelectrotonic to the normal; and also the change from the cathelectro- 
tonic condition to normal more powerful as a stimulus than that from 
normal to the cathelectrotonic condition. 

But another explanation of these facts may be brought forward. I 
am unable to detect any alkaline taste due to the make of the cathode 
as distinct from that due to the passage of the current. The alkaline 
taste, which according to Ritter, occurs at the break of the anode I am 
also unable to detect. From these facts, and from experiments made 
with acid and alkaline solutions, I think that in my case at least alkalis 
are less easily perceived than acids, so that the stimulation at the make 
of the anode and at the break of the cathode, where an acid taste 
is excited, produces a greater effect than the stimulation caused by the 
make of the cathode. It will however be noticed that at oné and the 
same spot, now an acid, now an alkaline taste is not excited either 
by the make and break of the constant current, or by induction shocks, 
or by any means that can be considered as a direct stimulus. In fact, 
on my own tongue, it is only when electrolysis can be presumed to be 
taking place thut an alkaline taste is experienced. 

Gruenhagen has stated that strong alternate interrupted shocks 
do not set up taste sensations, this as I have pointed out may be due 
to the overpowering effect of the tactile impressions simultaneously 
produced. 

It will be seen later that the passage of the alkaline taste at the 
cathode over to a marked acid at the break, may be due in part to the 
establishment of a negative after-taste. 


Acid Taste. 


It has been much discussed whether the sensations due to the 
application of acid to the tongue are to be considered as true taste. 


1 Gruenhagen. Lehrb. d. Physiologie, Bd. u. p. 208. 
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Valentin’ considered the acid taste as due to tactile sensations. 

On the other hand Stich* maintained that it must be regarded as 
a true taste, since its peculiar nature is one caused only on areas capable 
of receiving taste impressions. 

Schiff“ and Fich“ hold it to be a true taste, and point out that it 
is only when strong solutions are used that other sensations are 
excited. 

Brücke“ maintains that in the acid taste we have a mixture of true 
taste and general sensory impressions. 

V. Vintschgau“ discovered that there was very little or no power 
of perceiving true taste at the tip of his own tongue. Bitter and salt 
tastes cannot here be detected by him, and that of sugar but a little 
on the left side of the tip. Notwithstanding this he is always able to 
distinguish between acid and water. The application of the acid does 
not give rise to a true acid taste but rather to a sensation described by 
him as “smarting,” “slight burning, which he considers is due to an 
excitation of the nerves of feeling. This is produced even in dilute 
solutions, and no true taste of acid accompanies this smarting sensation. 
With stronger solutions this smarting sensation is increased. The 
application of acid to the lip is also in his case capable of exciting a 
sensation. 

V. Vintschgau found that in the case of another person, without 
the power of taste at the under side of the tip of the tongue, the 
application of acid gave rise to a sensation quite distinct from an acid 
taste. V. Vintschgau holds the acid taste to be made up of a mixture 
of true taste sensations and of feeling sensations, that in weak solutions 
the taste sensations predominate and that in strong solutions the 
impressions on general sensory nerves are the more powerful and so 
obscure the true taste sensations. Stich pointed out that acids at 
first give rise to a true taste and then to a smarting sensation, which 
gives place to true taste again as the solution applied passes to other 
parts, as by contact of the tongue to the palate. 

The application of acid to other regions of the body than those 


2 Valentin. Lehrb. d. Physiologie, p. 293. 

2 Stich. ‘‘ Ueber die Schmeckbarkeit der Gase.“ Ann. d. Char. Krankenk. zu Berlin. 
1857, p. 105. 

Schiff. Legons sur la Physiologie de la digestion. 1867. 

* Fich. Lehrb. d. Anat. und Physiologie der Sinnesorgane. 1864. 

® Brücke. Vorlesungen über Physiologie. Wien. Bd. 11. p. 243. 

* V. Vintschgau. Beiträge zur Physiologie des Geschmacksinnes.”  Pfliiger’s 
Arch, Bd. xx. p. 225. 
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concerned with taste, when the epidermis is thin or partially removed, 
as by a blister, is held by some to produce quite similar smarting 
sensations. In these cases the solution applied needs to be very much 
stronger. 

I am unable to support V. Vintschgau’s observation that acid 
solutions of moderate strength give rise to a sensation when applied to 
the lip. A difference in the relative amount of this smarting sensation 
is evident when observations are made on different regions. The 
following is a tabular statement of the sensations excited on different 
regions of my tongue by various strengths of citric acid. 


Citrie Acid. 
1 Tip. Edge. Back. 
1°/, acid taste acid taste acid taste 
acid taste 
3°/, slight burning acid taste acid taste 
sensation 
acid taste acid taste 
6°/, | burning sensation burning sensation acid taste 
later later 
acid acid : 
25 / then marked then marked Fir esc 
burning sensation burning sensation 


It will be seen that an important difference is manifest, in the effect 
produced in different regions. We see that very dilute solutions only 
are free from burning sensations, however slight, when applied to the 


tip. At the edge a stronger solution is required before these are 


produced, while at the back solutions of considerable strength give rise 
to no such feeling. Due to this fact, the taste of a 25°/, solution of 
citric acid is very different on the back of the tongue to its taste at the 
tip, in the latter situation the smarting sensations render it sharp and 
disagreeable, but in the former it is quite pleasant. 

With different strengths of sulphuric acid the following sensations 
are excited, 
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Per cent. of 
.. 
12 erer acid taste only acid taste 
0 
acid taste and 
slighh acid taste acid taste 
right acid taste ; 
2% smarting | Left acid taste and| Pleasant acid 
slight smarting 


* smarting at both acid taste 
5 °/, strong smarting no smarting 


Very similar results are obtained here. The strength of the solution 
required to excite general sensory nerves is less, and the sensation it 
gives rise to seems to be somewhat different. The importance of these 
differences in the sensations which accompany true taste will be referred 
to again later when discrimination of tastes is treated of. The same 
difference between the tip and the back is brought out by other acids 
which I have tested, viz. hydrochloric and acetic. 

General sensory impressions, smarting, burning, and the like, as 
well as true taste, are absent when acids of moderate strength are 
applied to the dorsum of the tongue; 5°/, HCl, 5% acetic acid (gives 
rise to some olfactory impressions), and 25°/, citric acid cannot be 
distinguished in this region from water. It is only when the strength 
is so far increased that slight visible corrosive action on the epithelium 
takes place that feeling is set up. V. Vintschgau explains this as due 
to the thicker epithelium in this region, but general sensation is not 
so acute here, and tactile perception very much less than at the tip. 

Acting as gymnema does so markedly on the acknowledged true 
tastes, sweet and bitter, it might have been expected that it would 
remove the taste component from acid sensations; but we see that, as 
stated above, a 02 / solution of H,SO,, which is only just perceived 
normally at the tip, is after the action of gymnema still detected. In 
so dilute a solution no general sensations enter to complicate the 
impressions produced. Careful observations were made to see if the 
acid taste was in any. way changed, but both after moderate action of the 
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gymnema, and after prolonged action of a 15% decoction I am unable 
to detect any change in solutions of citric acid. A 1°/, solution, in 
which the acid taste is well marked at the tip, and not obscured by 
smarting sensations, produces perhaps slightly less effect, but the charac- 
ter is not changed. With stronger solutions both of this and other 
acids no change in either component can be detected. With myself 
the results were always the same, and two other persons on whom 
I have especially tested this point have also failed to detect any differ- 
ence after the application of gymnema. 


Action of cocaine on the acid taste. 


It occurred to me that possibly a drug might be found that would 
remove or deaden the feeling sensations, without action on the taste 
sensation. 

Cocaine is a powerful local anesthetic. When applied to the tongue 
Brunton’ states that “it destroys both taste and tactile sensibility, so 
that salt and sugar cannot be distinguished, nor the prick of a pin felt.” 
It was my object to determine whether it would act at different rates, 
on the different nerves or nerve endings of the tongue, and so find a 
stage in its action when some sensations would be cut off more than 
others. 

After experiments with different strengths of solutions of hydro- 
chlorate of cocaine in water applied to the tongue for different lengths 
of time, I found that such a stage could be established. 


Examples. 

I. The application of a 1°/, solution of hydrochloric of cocaine to the left 
half of the tip and adjacent parts for 2 to 3 minutes produced the following 
effect, The bitterish taste of the cocaine gradually dies away as the applica- 
tion is proceeded with, and a slight tingling sensation sets in, and in about 4 
minutes there is a cool benumbed feeling. This persists for some time. 

After the mouth is washed out, it is found that at the tip 

1°/, citric acid still gives rise to acid taste, 
3°/, citric acid causes acid taste but no smarting, 
6°/, citric acid, no smarting. 

II. The application of a 5°/, cocaine solution for 2 minutes produced the 
same sensations in a higher degree. 


1 Brunton. Tert-book of Pharmacology, Therap., and Mat, Med. 1887. p. 878. 
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It was then found that the sensations caused by citric acid were as 
follows :— 
1°/, solution of citric acid, not tasted acid. 

at tip 46% „ „ tasted acid, no smarting. 

er 1 » „ tasted strongly acid, no smarting. 

The experiments show that although cocaine acts powerfully on 
general sensations, its action on the acid taste is by no means so great. 

By pushing the application of cocaine I have no doubt the acid 
taste may be entirely done away with. Statements of, and some 
discussion of, the action of cocaine on different tastes and on other 
sensations which can be aroused in the tongue, are embodied under 
different heads in this paper; but I will give here briefly the order in 
which my observations lead me to conclude that cocaine acts. In the 
following list, sensations mentioned first are acted on earlier than those 
mentioned later, and in the order given. 

1. General feeling. Pain. 

2. Bitter taste. 

3. Sweet taste. 

4. Salt taste. 

5. Acid taste. 

6. Tactile perception. 

The action on general feeling, bitter and sweet tastes, is marked as 
compared with its action on salt and acid tastes and on tactile percep- 
tion. As quoted above Brunton states that cocaine destroys tactile 
sensibility and adds “ nor is the prick of a pin felt ;” in my experiments 
with moderate action of cocaine I find a marked difference in its action 
on painful sensations and on tactile sensations. After the application to 
the tip of the tongue of a 5°/, solution for 2 minutes the point of a 
needle is distinctly felt, but its prick does not cause pain. It is also 
found that two points can be distinguished still at a millimetre apart. 
Shocks also from the interrupted current are as readily perceived. At 
the edge, where tactile perception is not so acute, some dulling seemed 
to be produced. 

Adduco and Mosso“ found that cocaine acted much more strongly 
on bitter taste than on any other’. 

My experiments with cocaine show that of the two components of 


’ Adduco and Mosso. Giorn. d. R. Accad. Med. 1886. 

* Hermann and Laserstein (loc. cit.) give the same order for the disappearance of 
the several tastes as I had myself found. Ghrwall (Skandin. Arch. f. Physiol. 11. 1. 1891) 
finds that cocaine acts equally on all tastes, more or less strongly in different individuals. 
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acid taste, one may be grouped with feeling sensations and the other 
with touch sensations. The close alliance of the taste components of 
acid sensations, of V. Vintschgau and other writers, to tactile 
sensations, separates it in a marked manner from the pure tastes of 
sweet and bitter. My experiments with gymnema and with cocaine 
show at least that these are very different. 

Valentin, as stated above, referred the acid taste largely to tactile 
impressions, but he draws no distinction between two components, his 
reference being for the whole sensation excited by acid. 

It will be seen if reference is made to tables previously given in 
this paper that the perception of acids by different regions of the tongue 
goes fairly well hand in hand with that of tactile impressions. At the 
tip, where the latter is most acute, acids are easiest detected. In my 
own case it is also seen that the perception of acids is greater at the 
left edge than at the right, tactile perception being also simultaneously 
greater, for while two points may be detected as double when they are 
8 mm. apart at the left edge, they need to be 10 mm. apart at the 
right edge. 

With reference to the other component of the acid taste, it is 
difficult to decide different degrees of sensibility to pain in different 

regions of the tongue, but I think we can be certain that the supply of 
sensory nerves to the front of the tongue is greater than to the back ; 
if this is so, we see that the “feeling” component of acid sensations 
goes hand in hand with feeling and painful perception, for I have 
pointed out that moderately strong acids do not excite smarting or 
burning sensations at the back. 

My examination into the nature of the acid taste leads me to 
conclude as follows :— 

When acids in moderately strong solutions are applied to the 
tongue the sensations excited are of two kinds; one, called by 
V. Vintschgau a true taste, but to be considered as very different 
from the true tastes excited by sweet and bitter substances, and as 
rather a specialised form of tactile perception; and other sensations due 
to excitation of nerves concerned with general feeling and pain. 


Salt taste. 


How far the salt taste can be considered a true taste has given rise 
to much the same discussion as in the case of the acid taste. These 
have generally been grouped together, and both considered as due to 
excitation of taste nerves or of nerves of general sensation. 

V. Vintschgau showed that salt like acids gives rise to two kinds 
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of sensations. He found that there was no salt taste excited on the tip 
of his own tongue, but that concentrated solutions gave rise to general 
sensory impressions. He maintains that on a normal tongue, in weak 
and moderately strong solutions, true taste sensations are excited, but 
that when the strength of the solution is great nerves of feeling are 
also stimulated, though a greater concentration of the solution is re- 
quired in this case than with acids. 

With ammonium chloride and potassic iodide the salt taste is 
soon accompanied by smarting or burning sensations as the strength is 
increased. Experimenting with these substances, in different strengths, 
I find that on my own tongue the following are the sensations set up. 


Am(Cl, Tip. Edge. Back. 
1% salt taste salt taste salt taste 
salt taste 
5°, | then alkaline * salt then caustic | salt taste only 
caustic sensation 
Kl. Tip. Edge. | Back. 
2˙5% slight salt taste slight salt taste slight salt taste 
salt taste 
5% slight drawing salt taste salt taste 
sensation 
right salt and drawing 
salt taste sensation 
‘ salt taste 
10% with drawing bet salt taste 
sensation drawing sensation other ien 
later 


It is seen here as with acids that the nerves of feeling are not 
affected so readily at the back as at the tip. 

As stated above gymnema has no power to stop the taste of NaCl. 
It acts on neither of the components of the salt taste. This is true for 


all bodies possessing a salt taste. No action is produced on the taste of 
Am(Cl, or KI, in any strength solution. 
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By means of cocaine I find that, in much the same way as with 
acids, the caustic and other similar sensations may be largely cut off 
without very much effect on the salt taste, but the latter is simul- 
taneously more affected than is the case with the acid component 
of the acid sensations. After the application of cocaine a 5% AmCl 
and a 10°/, KI solution have each a distinct salt taste, but there is no 
caustic or “drawing” sensations. The conclusions that I would draw 
as to the nature of the salt taste are similar to those given as to the 
nature of the acid taste. i 


Sweet and bitter tastes. 


That sweet and bitter, at least, are true tastes has not been called 
in question; however much physiologists have restricted the number 
of primary tastes, these two have always been included. These are 
generally considered also to be pure tastes, so that whatever strength of 
solution is used, no other than a taste sensation is excited. This does 
not probably hold good for all substances with a sweet or bitter taste. 
It has been stated that a concentrated solution of sugar excites a slight 
prickling sensation, and that sulphate of quinine excites a drawing or 
an astringent sensation. 

V. Vintschgau concludes that sugar in all degrees of concentration 
never gives rise to other sensations than that of a pure sweet taste. 
At the tip of his own tongue sugar excites no sensation. He states 
that sulphate of quinine gives rise to a slight acid taste as well as to 
bitter, but is unable to excite nerves of feeling. 

Very decisive evidence as to how far a body gives rise to a pure 
sweet or bitter taste is afforded by the action of gymnema. In testing 
strong solutions any sensations which might be attributed to an 
excitation of nerves of feeling is obscured by the strong concomitant 
true taste, but by the action of gymnema the latter may be readily and 
completely cut off; such general sensations as exist are then apparent. 

Experiments lead me to conclude that :— 

With cane-sugar, and grape-sugar however strong the solutions are, 
only pure taste nerves are excited. With glycerine if the sweet taste 
of a 50°/, solution be prevented a slight burning sensation is produced 
at the tip. With strong glycerine the sensation is more marked, and 
with a sensation of weight. At the back these sensations are not 
observed. With Saccharine (benzoic sulphinide), I find that as weak a 
solution as 002 % is detected sweet at the tip; all strengths of solutions 
as far as the body is soluble in water (to at least the extent of 1% 
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excite no other than a sweet taste. It must however be added that 
quite dilute solutions of saccharine, when taken into the mouth in the 
usual way, possess a peculiar flavour which enables one to distinguish 
them from solutions of sugar. Gymnema removes the sweet taste, no 
sensations are then detected. Solid saccharine placed on the tongue 
is tasteless after the action of gymnema. 

With sulphate of quinine, after the action of gymnema, a slight 
acid taste is noticed at the tip, with a 1% solution (1 in 1000). The 
maximum solubility of quinine sulphate in water is about 1 in 800. 
Solution above this strength may be obtained by the addition of acid, 
the acid is then detected after the action of gymnema. 

The taste excited by extract of socotrine aloes is a pure bitter. 

Very dilute solutions of picric acid are intensely bitter at the 
back ; after the action of gymnema even a saturated solution excites no 
sensation. 

Action of cocaine on sweet and bitter taste. 

I pointed out that gymnema does not seem to have so ready or 
so powerful an action on bitter as on sweet taste: the reverse seems to 
be the case with cocaine. 

Alkaline taste. 

Experiments to determine the perception of alkalis in different 

regions gave results as follows :— 


Sodie Hydrate. 
of sstetion. Tip. Edge. Bask. 
1% | Slight detected alkaline 
28 / Wine alkaline | sinct alkaline taste weak acid 


taste 


— then acid 


+), | 
acid, not so strong as 
at tip 


right strong alkaline 
piercing alkali,acid strong acid after wash- | slight alkaline 
the mouth is i after mou 
th washed 
washed out loft slight alkaline distinct acid 
acid after-taste 
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The solution at the tip soon becomes piercing, and here the 
alkaline taste is much the strongest. It is also noticed, that unlike 
acid, it is stronger at the right than at the left edge. At the back the 
perception is weak. The difference between the back and the tip is 
more highly marked than is the case with acids. At the right edge 
and with stronger solutions at the back, as long as the solution is 
acting on the nerve endings, an alkaline taste only, more or less 
accompanied with piercing or smarting sensations, is set up; but after 
the mouth has been thoroughly washed out, a distinct acid taste, which 
lasts for some little time, sets in. With sodic carbonate, a similar after- 
taste occurs as follows :— | 


Na,CO, Tip. Edge. Back. 
right an alkaline 
1/ | slight alkaline taste taste detected slight alkaline 
left not detected 
slight alkaline 
3% alkaline taste left in hing marked acid after- 
acid after * 


With sodic hydrate it is seen that piercing or smarting sensations 
are very readily excited, in fact, it seems almost impossible to com- 
pletely remove feeling sensations and still be able to perceive a taste at 
the tip. Cocaine will prevent the piercing sensations, but I find it 
difficult to decide whether the little sensation left may be considered 
as a true alkaline taste, or as a remnant of the feeling sensations. At 
any rate, I think, that the alkaline taste is made up very largely, 
more so than in the case of acids, of sensations due to stimulation of 
nerves of general sensation and of pain. 

It was seen that when the constant current is broken the alkaline 
taste at the cathode gives place to an acid taste, I am inclined to think 
that this is partly of the same nature as the acid taste experienced 
after the application of alkalis. 


A fter-tastes. 


It has been my endeavour to discover well-marked after- 
tastes with sweet and bitter substances so that I might try the 


« * 
a 
4 
x 
ͤ˙0lUW. ͤ— — — y— 
4 4 
* 
4 
ia 
he 


TASTE SENSATIONS. 213 


effect of gymnema on them. Some decision might then be given as to 
how far they are of central origin. After tasting, even for a considerable 
time, any of the sweet or bitter substances mentioned above, I have 
been unable to detect any well-marked negative after-taste. Such 
positive after-tastes as occur I have considered due to imperfect 
removal of the stimulating fluid, These are best marked with bitters. 

The negative after-taste with alkalis is unfortunately not of a 
nature to be acted on by gymnema. It is perceived, like the alkaline 
taste which precedes it, as well after gymnema as before. 


The “taste” of a very large number of substances used in ordinary 
life are but little affected by gymnema. Only such bitter and sweet 
components as are present are removed. 

The so-called tastes of substances have been long known to be made 
up in many cases of a mixture of true taste sensations with those of 
general feeling on the tongue and palate, and those of smell. Thus 
the flavours which we revognise as peculiar to certain substances 
and are in the habit of speaking of as tastes are in reality very 
largely due to olfactory impressions, being greatly or wholly lost when 
these are cut off. The “taste” of a substance is generally made up 
of a large number of different sensations. If we wish to determine the 
taste of a substance with delicacy and accuracy, we move it about the 
mouth, press it against the palate, and use other means to allow it to 
act on as many nerve endings as possible, and in all different tasting 
regions. Exactly the same sensations are not excited in all the different 
regions, and a judgment of the “taste” is not made without taking 
into consideration all the different kinds of sensations exvited in the 
mouth by the body, together with such olfactory impressions as it may 
give rise to. Discrimination of the taste of pure sweet and bitter 
bodies is nearly if not quite impossible (V. Vintschgau). Such 
distinctions as we can draw in ordinary life are due to other sensations 
simultaneously excited. 

Different acids and salts can be more readily distinguished. This is 
due to the different effect they produce on the nerves of general feeling. 
I have pointed out that this is different in different acids, and that its 
extent, and relation in amount to the proper acid taste, varies in 
different regions of the tongue. 

Abundant evidence has been given in the foregoing pages of the 
varying acuteness of different tastes in different regions. One or two 
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cases have also been given when the tastes excited by the same 
substance have been somewhat different in different regions. 

The researches of Horn, Picht, Guyot and of Lussana and 
Inzani’ show that a considerable number of substances have this 
property. A comparison of their results shows also that the taste of a 
substance may be different in different persons though applied to 
the same region of the tongue. 

The substances which excite the most markedly different tastes, are 
such as have a more or less acid taste in front and a bitter taste at the 
back. According to some observers, this is the case, in varying degrees, 
with the following acids and salts:—Hydrochloric, nitric, tartaric, 
oxalic, sulphate of soda, sulphate of magnesia, nitrate of potash, alum, 
and sulphate of quinine. 

As I have pointed out a comparison between the back and the tip 
does not show that the mere detection of acid is very much more acute 
at the tip, but we do observe that, in so far as the tip is more sensitive, 
sensations due to stimulation of nerves of feeling which enter so largely 
into the “ taste” excited by acids of moderate strength, are very much 
more marked at the tip than at the back. I therefore consider that the 
“acid tastes” excited at the tip, noticed by these observers, are largely 
due to excitation of nerves of general sensation. Again with reference to 
the bitter taste excited by acids at the back it must be remembered 
that, even in moderately strong solutions, acids do not here, excite the 
usual smarting and other sensory impressions, while the bitter taste 
here is very acute and may be excited even by touching and striking. 
With dilute solutions of nitric and hydrochloric acids no bitter taste is 
excited at the back. 

With reference to the acid taste of quinine at the tip it must be 
remembered that in some persons the power of perceiving bitter at the 
tip is often very small. 

Of the above bodies I find that in my case a marked result is 
obtained with sulphate of magnesia. The tastes excited are :— 


The results of these observers are tabulated by V. Vintschgau in Hermann’s Handb. 
d. Physiologie, Bd. u1. 
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3 Tip. Edge. Back. 
17 no taste no taste 8 2 
slight sweet right acid and bitter 
then tingling acid | left aid and bitter | “erish 
sweetish acid right acid and bitter 
10°/, [after several seconds | left more acid, less bitter bitter 
bitterish acid than at right 
20 % same as above same as above same as above 


At the tip I am able to detect a sweetish taste at first. It will also 
be noticed that at the left edge the acid taste is more marked than at 
the right. This agrees with such relative distribution of acid fibres as 
experiments mentioned above would seem to infer. 

After the application of gymnema the bitter taste at the back is cut 
off, the acid at the tip is unaffected. It is also noteworthy that after 
the action of gymnema a strong solution of MgSO, (20°/,) excites a 
slight acid taste at the back. It seems clear that this body can 
stimulate both kinds of nerve fibres or end-organs, at the back the 
bitter sensations overpower the acid sensations, at the tip the acid 
overpower the bitter. 

A 10°/, solution of Na,SO, is acid salty at the tip, and bitterish acid 
at the back; after the action of gymnema it is slightly acid at the back. 

Varying tastes excited by sulphate of quinine have been pointed 
out. Different tastes excited in different regions by electrical stimula- 
tion have also been discussed. 

The acid taste excited by MgSO, at the tip is removed by moderate 
action of cocaine, so that it is probable that it must be considered as 
due to a stimulation of general sensory nerves, and so corresponds to 
one component only of the taste excited by acid solutions of moderate 
strength. A 10°/, solution of lead acetate excites, at the tip and sides, 
a sweet taste, rapidly giving place to an astringent, burning sensation. 
After the action of gymnema, the sweet sensations are not excited, and 
an acid, astringent taste remains. After the moderate action of 
cocaine, as well as of gymnema, the astringent sensations are removed 
and an almost pure acid taste remains. The taste of lead acetate is 
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therefore made up of three distinct sensations which may be due to the 
excitation of three kinds of nerve endings. 

Until recently no substance had been discovered which excited a 
sweet taste in one region and a bitter in another region. Howell 
and Kastle’ find that a bromine derivative of saccharine (para- 
brombenzoic sulphinide) excites a distinct sweet taste at the tip 
and an intense bitter taste at the back. Owing to the kindness 
of Professor Newell Martin of Baltimore, who obtained for me some 
of this substance from the authors, I have been enabled to test the 


action of gymnema on its taste. In my own case the body excites 


at the tip a very distinct sweet taste accompanied by a slight 
astringent sensation ; and at the back a pure bitter. After the action 
of gymnema no taste is excited at the back, and at the tip a very 
slight and indistinct astringent sensation remains, but no sweet taste 
whatever. 

We can best explain the action of gymnema by supposing that the 
nerve fibres or nerve endings capable of being stimulated by pure sweet 
and bitter substances are different from those which are excited only by 
acid and salt. The selective action of cocaine, not only on the nerve 
endings céncerned with taste, but on others associated with more 
general sensory impressions, points also to the multiplicity of the kinds 
of endings of sensory nerves in the tongue. The more powerful action 
of cocaine on bitter taste than on sweet, and of gymnema on sweet 
taste than on bitter, may also be an indication that the nerve fibres or 
nerve endings concerned with these tastes are also distinct. The selec- 
tive action of drugs between these two tastes is however much less 
marked, and the constant grouping of these together gives some 
support to the view that they may be due to different molecular 
activities of the same end-organs. The phenomenon of “ after-tastes” 
recorded by some observers, between sweet and bitter sensations, points 
in the same direction. When bitter taste is absent at the tip of the 
tongue, sweet taste is very weak or absent also’. 

That the taste-buds of the circumvallate papille at the back, and of 
the fungiform papillæ at the sides and front of the tongue are the 
endings concerned with these tastes, bas recently gained support from 
the observations of Michelson’, who showed that the epiglottis, the 
mucous membrane over the arytenoid cartilages and other parts of the 


1 Studies Biol. Lab. Johns Hopkins Univ. rv. 18. 
2 See Von Vintschgau. Pfliiger’s Arch. Xxx. 236. 
* Michelson. Virch, Arch. XXII. 389. 
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larynx, where taste-buds were known to occur, could be stimulated by 
quinine or saccharine, giving rise to bitter and sweet tastes’. 

The analysis of acid taste sensations, varying as they do in different 
regions, reveals their origin from two kinds of nerve endings, and the 
same is probably true of “salt taste.” It has been shown that different 
tastes are excited by the same stimulus when applied to different 
regions of the tongue, and that the tastes are those that would be 
expected when the acuteness of perception of the various tastes in 
different regions is considered. A simple view to take would be to 
consider that we have a number of different kinds of nerve endings or 
end-organs scattered in varying relative density in different regions, and 
the taste excited by a substance, at a particular area, could be explained 
in one of the following ways. 

1. By the excitation of one kind of ending only, as is the case with 
substances of a pure ee er If the particular kind 
of ending does not exist area, no taste is excited, as is the case 
when quinine is applied to the tip of the tongue in some persons. 

2. By the excitation of the kind of ending which predominates in 
that area overpowering the effect of stimulation of endings present in 
smaller number. Example. Sulphate of magnesia at the Back of the 
tongue exciting bitter taste, but after the nerve endings concerned are 
paralysed a faint acid taste is manifest. 

3. By the excitation of several kinds of endings simultaneously, as 
with many acids and salts, such as lead acetate. The multiple character 
of the sensations excited can be revealed by successively paralysing the 
different kinds of endings. 


1 Ohrwall (loc, cit.) has examined the tastes excited in some 125 individual fungiform 
papille on the tip and side of the tongue and found that 21°/, are not sensitive at all, 
while 48°/, are sensitive to sweet, bitter, and acid. Some are sensitive to only two tastes, 
and a few to sweet only or to acid only. No papilla was found which was sensitive to 
bitter only. 
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ON THE RESPIRATORY CHANGES OF THE INTRA- 
THORACIC PRESSURE, MEASURED IN THE ME- 
DIASTINUM POSTERIOR. By Dr S. J. MELTZER, 
New York. (Plates VIII. A and VIII. B)) 


From the Physiological Laboratory of the College of Physicians and 
Surgeons of the City of New York. 


Ir is a well-known pathological fact that tuberculosis shows a decided 
preference for the apices of the lungs. This was often explained by the 
assumption that the apex is not participating fully in the respiratory 
movements, and that the diminished ventilation of the said locality is 
the cause of its predisposition for the disease. But as it is now an 
established teaching that an invasion of tubercle bacilli in the lungs is 
at the bottom of the disease, we should rather expect, that if the apex 
breathes less, the bacilli will have less chances of getting in there, and 
in consequence this part of the lungs, instead of being predisposed for 
the disease, should rather show a certain immunity against it. To 
overcome this obstacle A. Hanau undertook to modify the hypothesis, 
by assuming that the expiration is indeed less, whereas the inspira- 
tion is rather better in the apex than in the other parts of the lungs, © 
therefore all corpuscular elements of microscopical dimensions, like the 
bacilli, dust etc., have a greater chance to get in the alveoli of the apex, 
while their chances to get out of these by the expiration is reduced. 
This hypothesis would cover indeed the pathological phenomenon 
satisfactorily. Unfortunately for this hypothesis, the normal breathing 
also has to be taken in consideration. What would be the fate of the 
apex, if the inspiration should considerably overbalance the expiration, 
if more air should get into the alveoli than could come out ? 

Instead of speculating upon the normal status from pathological 
facts, we should endeavour firstly to study the normal process in due 


1A. Hanau. Zeitschrift fur klinische Medizin. Bd. XII. 
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manner by physiological methods. It is a matter pertaining to physio- 
logy to decide, if in normal breathing all parts of the lungs are equally 
sharing in the respiratory act. But there, in physiology, the point in 
question is even not raised to the rank of a problem. I failed to find in 
physiological literature, even a serious discussion of our question. In 
the face of the decided predilections, however, shown by certain parts of 
the lungs to certain pathological processes (Tuberculosis, Pneumo- 
coniosis, Emphysema, etc.) physiology cannot afford to ignore this 
problem, or to solve it with mere theoretical speculations like the 
application of the physical laws of elasticity on the lungs, i.e. that an 
elastic band shows equal distensions in all its parts’. 

As it is very difficult to find an exact method to ascertain directly 
the degree of the distensions of the apex, as compared with those of the 
other parts of the lungs during normal breathing, I turned my attention 
firstly to a phenomenon steadily accompanying those distensions; it is 
the change of the intrathoracic pressure coinciding with the inspira- 
tion and expiration. There are at present three different methods for 
determining the intrathoracic pressure. The first, and oldest method, 
and as it was shown by Heynsius“, probably the most reliable one, is 
that which was introduced by Donders’ and Hutchinson“: to connect 
a manometer with the trachea of a dead animal and to open both the 
pleure. We could of course not employ this method, which informs us 
only of the sum of negative pressure prevailing in the whole pleural 
cavity while the respiratory muscles are entirely at rest. Another 
method which seemed to be more appropriate for our purpose, is to 
connect a manometer carefully direct with the pleural cavity as it was 
practised by Fredericq’, Bernstein“, Weil’ and others. For my 
purpose, I should have to connect two manometers at different levels 
of the chest wall of a living animal. I have tried it; but soon convinced 
myself that, just as Heynsius supposed it to be, we never get by this 
method the exact intrathoracic pressure as it prevails in a normal 
condition. By removing carefully all the muscular tissue in one or two 
intercostal spaces, I could observe through intact pleura the motions of 


1 See I. Rosenthal. Hermann’s Handbuch d. Physiologie. Bd. rv. 2 Theil, S. 180. 

* A. Heynsius. Ueber die grösse der negativen Drucke im Thorax beim ruhigem 
Athmen.” Pfliger’s Archiv fiir Physiologie, Bd. xxrx. 1882. 

3 Zeitschrift fur rat. Medicin. Bd. n. 

Hutchinson in Todd’s Encyclopaedia of Anatomy and Physiology. 

ö Fredericq. Archiv de Biologie. 1882. 

* Bernstein, Jul. Pfliiger’s Archiv. Bd. xxvitt. 

Weil. Archiv für klinische Medicin. Bd. XXVII. 
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the lungs, and thus could control the state of the lungs. In this way 
I found out that every attempt of mine to connect the pleural cavity 
with a manometer was met with some degree of retraction of the lung, 
which if not for the direct observation, does not manifest itself otherwise. 

The third method, which was introduced by Luciani’ and I. 
Rosenthal’, and which seemed to be indeed the most appropriate 
for my purpose, is to measure the intrathoracic pressure in the thora- 
cic part of the esophagus. This can be done in a living animal with- 
out further preparation, by introducing a tube (katheter) through the 
mouth into the cesophagus. The tube has to be of some thickness to fill 
out the lumen of the cesophagus, but then on one hand it interferes with 
the breathing, and on the other hand it makes the cesophagus con- 

| tract, which of course alters the pressure within it. I therefore made 
an incision in the esophagus, pushed in through the opening a small 
katheter, and tied the esophagus and katheter with a rubber thread, so 
as to have the cesophagus air-tight around the katheter and at the same 
time to be still able to push the katheter up and down within the 
| cesophagus. This was done in three rabbits. I shall briefly state that 
= I could not discover any constant difference in the negative pressure 
| between the upper and lower parts of the cesophagus. At the same 
time these few experiments were sufficient to convince me of the 
correctness of the statement made by Heynsius“, that the pressure 
within the esophagus does not correspond to the exact pressure of 
the pleural cavity, the pressure in the esophagus being, as it was 
proven by Heynsius, not only considerably less, but also inconstant, 
and consequently unappropriate to throw light on our subject. The 
thickness of the cesophagus wall, the muscular tissue and its irregular 
contraction provoked by the presence of a foreign body (katheter) 
are probably the cause, as Heynsius points out, of the reduction 
of the pressure and its irregularity, I may add, that every act of 
deglutition, which occurs quite often on account of the moving of 
the katheter, changes the pressure within the cesophagus considerably, 
the change lasting for some time. 

Looking out for a new method by which I could compare the 
intrathoracic pressure at different levels of the thorax, my attention 
was turned to the mediastinum posterior, just by the last-mentioned 
experiments made on the csophagus. The only objectionable features 


'‘ Luciani. Archivi per le scienze medichi. 1878. 


2 Rosenthal I. du Bois Reymond’s Archiv. 1882, 
loc. cit. 
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of this locality were, as we just pointed out, the effects resulting from 
the thickness of the cesophagus wall and its muscular tissue. Now if 
we could determine the pressure alongside of the cesophagus, but outside 
of it, ie. in the mediastinum posterior, there will be, we should expect, 
no more objections to the conclusions drawn from the results obtained 
in this locality as to the real state of the pressure in the pleural cavity, 
as the thin layer of tissue separating the mediastinum from the pleural 
cavity could not amount to much. The same consideration gave me at 
the same time an idea how to gain access to the mediastinum: along- 
side the cesophagus which is surrounded on its entire way by loose 
connective tissue; this is a convenient path, unfortunately very often 
preferred by the pus of retropharyngeal abscesses—why should we meet 
with difficulty by pushing a katheter down the same way ? 

It is this method and some results I obtained by it I intend to 
report here. 

With a single exception my experiments were made on rabbits, the 
results therefore are so far restricted to this class of animals only. The 
single experiment I made on a young dog, however, convinced me that 
the method will be practicable in these animals also, and that the 
results will probably not differ materially. All the animals have been 
narcotized with chloral. This offers the advantage that the breathing 
continues regularly and is less frequent. I wish to emphasize, however, 
that the introduction of the katheter into the mediastinum does not 
alter the respiration even in the absence of narcosis. The procedure 
is simple, though I lost many an experiment before settling it. 

The rabbit being placed on its back, the skin of the neck was cut 
lengthwise on the larynx, and opposite the crico-thyroideal ligament, 
a path was bored with a blunt instrument on the left sterno-hyoideal 
muscle to its outer margin, and here a narrow entrance was bored 
behind the lower part of the pharynx. Into this opening a katheter was 
introduced and pushed downward parallel and behind the csophagus. 
Three centimeters, counted from the mentioned ligament, may be pushed 
down at once, as at this distance the blind end of the katheter is even 
in small rabbits still above the aperture of the chest. All further 
pushing has to be done carefully, groping, and in small distances, about 
five millimeters each. The direction should be towards the middle of 
the aperture, the katheter can be felt through the skin behind the 
trachea, and it is advisable, while pushing the katheter with one hand, 
to control the lower end with two fingers just above the aperture in 
order to keep in the right direction, and at the same time to press the 
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end a little backward to facilitate its entrance into the mediastinum 
posterior, as there is a tendency for the lower end of the katheter, while 
entering the thorax, to stumble against the incisura sterni, on account 
of the convexity of the spinal column in this region. In fact, the 
entrance of the katheter into the chest is the main difficulty, in older 
animals more so than in younger ones, not only for the reason of the 
greater curvature of the spinal column, but also on account of the 
greater firmness of the connective tissue obstructing the entrance of 
the chest. Drawing back the katheter should be avoided, as this might, 
as it would be seen later, destroy the entire experiment. Elevating 
the outer end of the katheter, which would facilitate its entrance 
into the chest, should also be avoided, as this makes the channel leading 
to the mediastinum too wide and facilitates the entrance of air beside 
the katheter. This latter should be of a very small calibre; with an 
English katheter No. 5 (lumen about two millimeters) I never found 
an insurmountable obstacle in pushing it in. The katheter is blind at 
the end, and has one side opening near it; I made another opening 
opposite the first one. The lower half of the katheter was divided 
by marks (small cuts) in 5 millimeters distances. The amount of 
pressure in the mediastinum was ascertained by connecting the 
katheter either with a water manometer, or with a Marey’s tambour. 
In the latter case the respiratory undulations of the mediastinum 
have been recorded graphically in the usual manner, on a revolving 
cylinder covered with smoked paper. Below the lever writing these 
undulations another lever was placed marking the time in seconds. The 
distance between the two lines traced upon the graphic table before 
connecting the tambour with the mediastinum, represents the atmo- 
spheric pressure; a smaller distance means a negative, a greater distance 
positive pressure. The manometer, or the Marey’s tambour, was con- 
nected with the katheter by means of rubber tubing, which had to be 
long enough to facilitate the handling of the katheter. The connection. 
was made of course before the katheter was introduced behind the 
pharynx; there was no clamp or stopcock between the katheter and the 
manometer. Before the katheter entered into the chest, there was usually 
no difference in the level of the water in the two sides of the mano- 
meter, but if there was any difference, it was of course taken into account. 
The pushing was done, as stated, in 5 millimeters distances. At each step 
notes of the pressure were taken as it presented itself during the inspi- 
ration and expiration, the time of observation being from 5—6 minutes. 
There was hardly any necessity for taking the mean of a number of obser- 
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vations, as at each step hardly a difference of any account between 
the inspirations could be noticed. At each step, besides the pressure, 
the number of respirations was counted. After finishing the experi- 
ment, and killing the rabbit, I made in many experiments an autopsy 
to ascertain the side where the katheter found its way, and some of the 
localities in the mediastinum corresponding to the different distances 
from the crico-thyroideal ligaments as they were furnished by the 
preceding experiment. 

Passing over to the results obtained by this method, I shall say in 
the beginning, that we have to distinguish between the first introduction 
on the one hand, and the retraction and all the following reintroductions 
on the other hand. While in the latter cases there were hardly any 
constant differences among the several parts of the mediastinum, the 
pressure being about the same in the entire length of it, we found in all 
the first introductions of the katheter, the pressure differing remarkably 
according to the locality of the mediastinum, which latter may therefore 
be divided into five sections. The first section comprises the part of the 
mediastinum within the first ribs and first intercostal spaces; there 
in most of the cases, during the inspiration, either we found no change 
in the pressure at all, or the change was so small that it could not be 
measured. In a few cases the inspiratory difference in the pressure 
amounted to from 2—3 millimeters of water, and only in two cases the 
change came up to 6 or 8 millimeters of water. Nearly the same can be 
stated of the condition of the pressure during the expiration— Donders' 
negative pressure.” In most cases there was no negative pressure, at 
least it was hardly perceptible, but in a few cases the negative pressure 
was measurable, and reached in a couple of experiments from 14 to 16 
millimeters! On the other hand, there were a few other cases showing 
at the expiration a positive pressure of from 2 to 3 millimeters. Then a 
section of 2—4 centimeters length follows, where the inspiratory changes 
are generally larger than in the first section. In many cases a gradual 
increase in the amount of the inspiratory change of the pressure could 
be observed taking place downward, the highest amount observed 
being 16 millimeters; but this was by no means the rule; there 
have been cases where the amount of the change in a deeper place 
was even smaller than in a higher one. The expiratory pressure in 
this section is in nearly all of the cases of a negative character, the 
amount being generally also larger than in the former section, but 
it exceeded only in exceptional cases the pressure of 10 millimeters 
water; a gradual increase was here the exception. 
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In 30% of all the cases, a section of from 1—2 centimeters length 
now followed, wherein again no movements at all or very small move- 
ments could be observed in the manometer during the inspirations, 
though sometimes the heart-beat could be recognized. The level of the 
water on both sides of the manometer has been, while in this section, 
either equal or there has been a very small difference in favour of the 
negative pressure ; in other words, while the inspiration did not show 
any influence, there has been little or none at all of Donders’ negative 
pressure. 

The section which follows now comprises nearly the whole remainder 
of the mediastinum. In all the animals experimented upon a remark- 
able turn took place at this section. The inspiratory change of the 
pressure became considerably larger, and continued to be the same with 
comparatively small variations in the whole section. The exact amount 
of the inspiratory change varied considerably in different animals, as 
much as from 15 to 60 millimeters of water. There seemed to be a 
number of points causing the difference in the amount of the undu- 
lations, for instance, the size and age of the rabbit, the number of 
respirations per minute, and other points, which I do not care to enume- 
rate, as I did not, for the present, make a close study of this question. 
The negative pressure in the expiratory state showed in this section 
in general the same sudden change in the increase, but the proportion 
of the increase was somewhat smaller, and there were a number of 
exceptions; as for instance, either without any, or with only a small 
increase, or again the increase having already occurred a little above 
this section. Below this section it occurred in some animals that the 
inspiratory change was again reduced to only a small amount, while 
there was some constant negative pressure. Usually the katheter could 
not be pushed, under these circumstances, much deeper. When the 
katheter was now retracted, step by step, it was found that in the 
entire mediastinum, even within the first ribs, such an inspiratory and 
expiratory negative pressure prevailed as was found in the 4th 
section, ie. the highest attainable amount in the rabbit just experi- 
mented upon, a state which continued now to remain the same even at 
every new pushing down, as long as the katheter was not entirely taken 
out. In this latter case, if one waited for some time before intro- 
ducing it anew, there appeared to be at the reintroduction again some 
differences, but they were neither so pronounced, nor so constant as 
they appeared at the first introduction of the katheter in the medias- 
tinum, In some of the cases in which there was a third section, ie. a 
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total disappearance of the inspiratory undulations before their final 
increase, this state seemed to remain in the same locality even at the 
retractions or reintroductions ; when the katheter was passing this place 
at any time or in any direction, the inspiratory undulations used to 
disappear. It is worth while to mention the fact that deep inspirations, 
e.g. those caused by dyspnoea, were often accompanied by transient strong 
undulations even in the upper part of the mediastinum. 

The following few tables will sufficiently illustrate the preceding 
descriptions. 
The numbers in the first column under the heading of distance 
mean the distance from the crico-thyroideal ligament, the unit being 
5 millimeters; thus for instance 10 means 50 millimeters from the liga- 
ment. The 2nd and 3rd columns indicate the absolute pressure in milli- 
meters of water at each corresponding step at the inspiration or expira- 
tion, — or + indicate if the pressure was negative or positive. In the 
4th column the difference of the amount of the inspiratory increase of 
the pressure is given, In a 5th column (when given) are the notes 
from the autopsy showing the corresponding place in the mediastinum ; 
the abbreviations being:—n.m.=no motion; s.m.=small motion; 
v. . m. = very small motion; n. n. p. no negative pressure; int. = pleura 
intact, the lungs not collapsed. 


EXPERIMENT I. 


Large rabbit, 2800 gram.; katheter No. 6, pushed in at once to 10 
(50 mm. distance from ligament), progressing in steps of 4 units (20 mm.). 
Number of respirations 36. 


Diff. 
4 10 — 18 mm. — 16 mm. 2 mm. 
4 22 20 „ 
26 -116 „ 70 „ 46 „ 
15—2 


Rabbit, 1800 gram. ; katheter No. 5, at once to 10, seemed to correspond 
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Experiment III. 


to 2nd rib; respiration 46 p.m. 


10 14mm. — 6mm. 8 mm 
14 — 32 ” — 28 ” 4 ” 
18 - 36 „ — 20 „ 16 „ 
22 40 „ -18 „ 22 „ 
26 „ 24 „ 
30 „ „ 
26 40 „ -14 „ 26 „ 
22 40 „ -14 „ 26 „ 
18 —41 „ —20 „ 21 „ 
14 - 32 „ -12 ,, 119 
10 „ -13 „ 


EXPERIMENT V. 


Rabbit, 1350 gram.; katheter No. 5, pushed to 6 (30 mm.); distance 
between steps, 2 units (10 mm.). Respiration 36 p.m. 


Distance. Inspir. Expir. Diff. 
6 n. m. n. n. p. 0 
8 — 4mm. — 2mm. 2mm. 
10 = § ” - 2 ” 2 ” 
12 - 4 ” - 2 ” 2 * 
14 - 4 ” -2 ” 2 ” 
18 -32 „ — 8 „ Re 
20 - 32 ” -8 ” 24 ” 
22 8. m. 
14 - 30 ” — 9 ” 21 * 
10 2 * 18 „ 


Autopsy; katheter in the right side. 


ExpermeEnt VIII. 


Young rabbit, 1150 gram.; katheter No. 5, pushed to 6 (30 mm.), both 
pleure intact during experiment; respiration 45 p. m. 


Distance. Inspir Expir. Diff. in — 
6 v. s. m n. n. p. 0 above aperture 
0 
0 
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Distance.| _Inspir. Expir. | Diff 
| 

i 12 |— 3mm. +2 mm. 5 mm. 
14 18 ” ” 13 ” 
16 |-24 „ —4 „ 20 „ 
is 28 „ 22 „ 

20 28 „ —6 „ 
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EXPERIMENT X. 
Rabbit, 1700 gram. ; katheter No. 6; both pleure visible and intact 


during experiment; resp. 64 p.m. 
Autopsy ; katheter found in left side of mediastinum posterior. 


Distance.| Inspir. |  Expir. Dif. 
10 n. m. n. n. p. 0 Ist rib 
12 -10mm. | 8 mm. 2 mm. lst intercost. space 
14 n. m. — 8 „ 0 2nd rib 
5mm. | 3rd rib 
18 | sm. u. n. p. 0 4th rib 
20s gm. n. u. p. 0 
slight obstacle overcome. 
22 35 mm. 20 mm. 15mm. | 
24 — 38 ” — 23 ” ” | 
26 — 38 ” - 22 ” ” 
28 — 38 * — 20 ” ” 
30 8. m. — 28 „ 9 
28 - 38mm. | - 20 


26 38 ” — 20 ” 


7 1 23 „ 13 „ 
| 
20 ,, | 
19 „ | 
14 35 „ 16 „ 
12 +35 „ 1 
10 - 35 „ ho 26 „ 
25 „ 
22 „ 
20 „ 
4 18 83 20 „ 
20 „ 
3 20 „ 
& 30 v. 8. m. — 15 „ 0 „ | ’ 
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Experiment XIII. 


Young rabbit, 1300 gram.; katheter No. 5, pleura intact, no obstacle 


in pushing; resp. 40, a little active. 


Autopsy ; katheter in left side of mediastinum posterior. 


Distance. | Inspir. Expir Diff. 
8 n. m. n. n. p. O mm. Ist rib 
10 — 5mm. 0 2 Ist intercost. 
11 +1mm 8 „ Teall 
12 +1 „ 
13 4 ” +1 ” 8 ” 
14 3rd rib 
15 +9 * +1 ” 10 ” 
16 — 11 „ 1 12 „ 
17 v. S. in. 0 
18 v. s. m. 0 0 „ 5th intercost. space 
19 30 mm. mm 
20 — 25 ” —2 ” 23 ” 
21 — 15 „ -3 „ es 
22 v. 8. m. 
20 — 23 mm. 3 mm. 20 „ 
18 — 30 „ +1 5„ 
16 v. S. un. 0 
14 28 „ Give 29 „ 
12 — 25 „ 1 26 „ 
10 25 „ 8 26 „ 


EXPERIMENT XV. 


Expir. 


| 
| 
| | 
| Rabbit, 2500 gram. ; pleura intact; resp. 54; katheter No, 5; no autopsy. . 
Distance. | Inspir. Diff. 
10 | 0 0 
12 | 8. m. 0 0 
14 — 16 mm. — 8mm. 8 mm. 
16 — 15 ” — 8 ” 12 ” 
18 | 16 ” 7 „ 
20 213 „ 
22 — 19 „ 
24 | „ 14 „ 35 „ 
27 „ > 
; 28 | - 37 * — 10 ” 27 ” * 
26 30 4 ” 26 ” 
24 - 30 „ — 4,, 
22 30 ” - 3 27 ” 
20 30 bing 4 26 | 
18 34 „ 4, 30 „ 
16 2284 „ 10 „ 
12 288 „ — 10 „ 25 „ 
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Experiment XXV. 


Rabbit, 2200 gram.; pleura intact ; respir. 60, active; suspicion that the 
katheter is not air-tight in the mediastinum ; paraffine applied to the wound 
a few times. 


Distance. Inspir. Expir Diff. 
8 8. m. 0 — 
9 — 6mm. +3mm 9 mm 
10 — 3 „ 

Paraffine 
10 +4 ,, 
13 — 8 ” +3 ” 11 ” 
15 | - 2 ” +1 ” 3 ” 
Paraffine 
Paraffine 
19 — 42 ” +2 ” 44 ” 


Neglecting for the present the minor points, we may say in short, 
that according to our experiments, the main inspiratory undulations 
were found to appear in the mediastinum posterior only below the 4th 
and 5th ribs, while above this the change of the pressure during the 
inspiration was either hardly measurable, or it did not amount to more 
than a few millimeters of water. The result being a surprise to me, I 
distrusted it from the beginning, the more so since in some cases a 
certain obstacle had to be overcome just before the larger undulations 
put in an appearance. (See table X. at 20 distance.) 

I suspected that this sudden change might be connected in some way 
with a perforation of the mediastinal pleura, producing a certain degree 
of collapse of the corresponding lung. I therefore took the precaution 
to lay bare both pleura and to control by this means the condition of 
the lungs. In young rabbits this is an easy task, as it requires only to 
bisect the large muscles of the chest-wall; the entire lung and its 
movements then present themselves through the transparent pleura 
thoracica, in a distinct and instructive manner. Indeed, it seemed to 
me to be an appropriate method for the demonstration of the motion of 
the lungs. If there is nowhere any mention of this method, I wish to 
direct herewith attention to it. In older rabbits I removed carefully 
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the intercostal muscles in the 6th and 7th intercostal spaces, so as to 
be able to observe the position of the margin of the lungs. By this 
means I convinced myself that in no case was there the slightest 
retraction of the lung in connection with the sudden change in the 
inspiratory undulations. In fact, there was no degree of collapse in any 
case during the first introduction of the katheter. But after many 
retractions and reintroductions, the lung corresponding to the side in 
which the katheter was located, showed indeed in a few rabbits a 
tendency to collapse. 

This fact demonstrates that the pleural cavity did not remain intact 
and that after many reintroductions air found access to it. To gain an 
insight as to the condition of the pleura in the other cases, I discon- 
nected, after finishing the experiment, the katheter from the manometer, 
and allowed in this way the atmospheric air to enter the mediastinum 
directly. In the majority of the cases even then, the lung did not 
collapse, a sure proof that the pleura mediastinalis remained intact. 
In some other cases the lung did collapse, the mediastinal pleura, 
accordingly, had been severed indeed, but as the lung did not collapse 
before the disconnecting of the katheter, we may with safety conclude 
that in these cases no atmospheric air found access to the mediastinum 
beside the katheter; in other words, that at least in these cases the 
mediastinum remained air-tight while the katheter was introduced into 
it. As the revealed difference between the upper and the lower part 
of the mediastinum was observed (without exception) in all the cases 
studied, we may justly conclude that the discovered difference is 
neither a result of the laceration of the pleura mediastinalis, nor is it 
connected with the entrance of more or less atmospheric air into the 
mediastinum beside the katheter. With the last-mentioned point I 
shall deal more extensively. 

The results obtained were in their extent not only unexpected, but 
were even in direct contradiction with my own experience in testing the 
intrathoracic pressure in the cesophagus. 

The negative inspiratory undulations were found in this locality, 
at the very entrance of the mediastinum, to be of a considerably 
larger amount than was observed in the entire upper third of the 
mediastinum itself. And if we had objections against the cesophagus 
on account of the thickness of its wall and the effects of the muscular 
tissue, they were made on the supposition, that the amount of the 
negative pressure in the esophagus falls short of the real pressure 
in the mediastinum. The natural suspicion that I myself enter- 
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tained and which would certainly be entertained by others, was that 
the results I arrived at are only of an artificial nature, produced by 
the faulty method I employed, the fault being that the katheter was 
not air-tight enough in the mediastinum, that probably air could get in 
he mediastinum alongside of the katheter, but that the entrance of the 
air becomes more scanty the deeper the katheter is pushed in, and 
thence the difference of the negative pressure between the upper and 
the lower parts. I paid special attention to this possible objection, and 
I am now going to show the untenability of it. 

First of all, it should be remembered, that the present investigation 
was not started to ascertain the exact amount of the intrathoracic 
pressure, the object was merely the comparison of the amounts as they 
present themselves in different localities of the thorax. 

Now, finding for instance, that while the inspiratory pressure in 
deeper parts of the mediastinum amounted to 30 millimeters water, in 
the upper part the pressure amounted almost to nothing or did not 
exceed 4 or 5 millimeters, we may admit that these are not the real 
amounts, that the real amounts have been reduced somewhat by the 
invasion of atmospheric air; but if we should go further to explain the 
entire difference between the upper and the lower parts only by the 
interference of atmospheric air, we have then to assume that the 
facility for the entrance of air beside the katheter is in the upper part 
of the mediastinum at least 6 times greater than for the entrance through 
it, since the amount in the upper part is at the utmost 3 of the amount 
in the lower part; an assumption which is, as it seems to me, d priori 
improbable. The katheter is in the neck behind the cesophagus in 
close connection with the surrounding tissue, there is no natural 
channel leading to the mediastinum, the katheter has to bore its way 
thither; it is then not likely that the imaginary space around the 
katheter should be a better means for the communication with the 
outside air than the free lumen through the katheter. Then the con- 
ditions were not changed in the upper part even if a katheter with a 
wider lumen was employed, which could not be the case if the entire 
effect depended upon the rivalry between the lumen of the katheter 
and the space around it. To make this latter more impermeable for 
air in many cases before pushing the katheter down the neck and 
after inserting a cannula in the trachea, I have dressed the entire wound 
with a tightly fitting bandage surrounding the neck, and thus pressing 
the tissue closer to the katheter. The results have been just the same 
as they were found to be without this precaution. And the results 
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remained practically the same after employing a still safer method for 
occluding the wound and thus excluding the atmospheric air. 

By filling out the entire wound carefully with melted paraffine, any 
side entrance to the mediastinum is safely closed up. I tested it by 
artificially increasing the negative pressure to a higher amount; it 
remained unaltered so long as the paraffine cover remained unbroken. 
Although this happens indeed when the katheter is moved, the 
method is perfectly reliable if applied after the katheter is at rest; and 
this is sufficient for our purpose, since we can occlude every time anew 
before testing the pressure. No matter how much air entered before- 
hand, after safe occlusion the inspiratory change ought to be in all 
parts of equal amount, that is, if the invasion of the atmospheric 
air is at the bottom of the manifold mentioned differences. As we 
just stated, the difference was not affected by the occlusion (see Exp. 
XXV.), and consequently it cannot be simply the result of a more 
convenient invasion of air through a side opening in the upper part of 
the mediastinum. 

Aside from those experimental proofs, there is a fact in the results 
themselves, which speaks decidedly against the supposition, that it is 
the access of atmospheric air by the side-ways, which cuts down the 
negative pressure in the upper part of the mediastinum. It is the fact 


that at the retraction or reintroduction of the katheter the difference 


disappears ; there is then in the upper part the same high amount of 
negative pressure at each inspiration as is found to be in the lower 
part of the mediastinum. And we can certainly not presume that the 
side-ways became narrower by the retractions or reintroductions. 

After all this, there can hardly be any doubt that the smallness of 
the amount of the negative pressure, which was found to take place in 
the upper part of the mediastinum during an inspiration, is not an 
artificial phenomenon, produced by some defect in the experiments, but 
shews that it is a fact indeed, that the change in the intrathoracic 
pressure which prevails during an inspiration, affects but little the upper 


part of the mediastinum ! 


While thus defending the entire usefulness of the method employed, 
so far as concerns the main object of this investigation, I am willing to 
admit, that unless a safe method is found by which it would be possible 
to exclude positively any entrance of air beside the katheter, while this 
is pushed into the mediastinum, the other points of the results obtained 
by this method are open to criticism. The amounts of the negative 
pressure at the inspirations as well as at the expirations, as they were 
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obtained in the mediastinum, have no claim on absolute correctness; 
they may be indeed influenced by the entrance of some air alongside of 
the katheter. Moreover these amounts vary with the frequency of 
the respiration, with the diameter of the lumen of the katheter, with 
the length of the tube connecting the katheter with the manometer, 
and perhaps with the side, on which the katheter was introduced, as the 
amounts from the left side seemed to be smaller than those from the 
right side! Concerning the negative pressure during the expiration, 
we should remember that in rabbits, according to Traube and 
I. Rosenthal, the external oblique muscles do contract in normal 
expirations, which would make the amount of the negative pressure 
in living rabbits, smaller than that given by Donders or Heynsius, 
who experimented on dead animals. 

All these points have not received sufficient consideration in my 
experiments, as I was mainly interested in the comparison of the 
results of the different sections of the mediastinum, obtained under the 
same conditions. With somewhat more confideace could be regarded 
the result showing a constant difference in the amount of negative 
pressure in the different sections of the mediastinum during the 
expirations also. Though I shall not discuss at length this point, I 
wish to say that if we should even admit that air finds access to 
the mediastinum, and that the invaded air affects the expiratory 
pressure in the upper part of the mediastinum somewhat more than in 
the lower part, it is pretty certain that this is not the only cause of the 
comparatively pronounced difference in the amount of the expiratory 
pressure, the difference being nearly as constant and as pronounced as 
was the case in the inspiratory undulations ! 

From the very fact that there is a difference between the upper 
part and the rest of the mediastinum in respect to the intrathoracic 
pressure, it follows that, no matter what the cause of the difference may 
be, the mediastinum does not represent normally a connected cavity ; 
if the cavity were so connected, there could not be any difference in 
its localities in respect to the prevailing pressure, since in a connected 
cavity the pressure is the same in all parts. It is rather to be supposed 
that the mediastinal walls in some way or other adhere together to 
such a degree, that one part can not be influenced by the pressure 
prevailing in another part. We can now easily understand why the 
mentioned difference was only present at the first introduction, and not 
any more at the retractions or reintroductions; because the first 
introduction of the katheter transforms the mediastinum into a well- 
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connected channel, where the pressure can not be otherwise than equal 
in all its parts. And as the csophagus is naturally such a well- 
connected channel, we see now further why we found the same pressure 
in all its parts, and conceive a natural explanation for the apparently 
singular fact, that the respiratory changes of the pressure should be 
larger in the upper part of the thick-coated wsophagus, than in the 
upper part of the mediastinum: it is not the respiratory undulations 
in the upper parts of the lungs directly transmitted to the upper part 
of the cesophagus which we measure there, it is only the propagated 
pressure of its lower part transmitted there from the lower parts of the 
lungs. 

The avowed purpose of the present investigation, was to infer 
the amount of the respiration in different localities from the con- 
dition of the changes in the intrathoracic pressure accompanying 
the respirations in the corresponding localities. Now as we found 
indeed that the changes of the respiration are very little marked in 
the upper third of the mediastinum, we should proceed to conclude 
that the respiration is considerably diminished not only in the apices of 


the lungs, but even in the entire upper third at least of the back parts 


of the lungs. The conclusion means in particular that the pressure in 
the mediastinum differs not at all or very little from the pressure in 
the pleural cavity, and that the pressure here may be taken as an 
exact expression of the degree of breathing taking place within 
the corresponding parts of the lungs. 

The assumption that in some part of the pleural cavity there may 
prevail a pressure different from that present in other parts, implies 
further the supposition that the pleura visceralis adheres to the pleura 
parietalis so much as to prevent the highest pressure, prevailing in some 
place of the cavity, from being propagated over the whole pleural cavity. 
As there are no such anatomical connections between the two pleure to 
establish an adherence, we shall have to look for “adhesion” in the 
physical sense to fill that office. Indeed it has been claimed by some 
authors that the “adhesion” even assists in overcoming the elasticity of 
the lungs. As the back part of the upper third of the lungs is just 
the part of the lungs which is less subject to the respiratory move- 
ments than any other part of the lungs, we may bring this point 
into causal connection with the assumption, that the same part takes 
the least share in the act of breathing, ie., the alveoli of this part 
expand very little during the normal inspiration. We may assume 
further that the upper parts of the lungs are in the expiratory state in 
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a less expanded condition and are better conformed to their corre- 
sponding part of the thorax than the rest of the lungs and therefore 
there is none or only little negative pressure in the upper part of 
the thorax, while it is at rest in expiration. Indeed there would 
be altogether no difficulty in explaining why the upper part of the 
lungs should show certain exceptions, if only the fact could be sure, 
that the conditions I observed in the mediastinum have exactly the 
same bearing upon the pleural cavity and upon the lungs. But having 
been successful in the research, I hesitate now to draw from the 
discovered facts, those conclusions for which I undertook the entire 
investigation. It seems now to me that the facts permit also the 
theory, that the diminished negative pressure which was observed 
in the upper part of the mediastinum is restricted to its locality alone 
and has no bearing on the pleural cavity. The upper part of the 
mediastinum harbours the aorta, both venz cave, the trachea, and 
the bronchi, all of them are connected among themselves and with 
the cesophagus by connective tissue. The katheter is in this 
vicinity separated from the pleural cavity not only by the thin medi- 
astinal pleura, but by a pretty thick wall formed by all the tubes 
mentioned above, while in the lower part of the mediastinum there 
is indeed nothing else to separate the katheter from the pleural cavity 
than the thin mediastinal pleura. The appearance of the mediastinum 
intensifies the supposition that there exists indeed a certain anatomical 
difference between the upper and the lower part of the mediastinum. 
The slight obstacle which was often met just before reaching that 
portion at which the strong inspiratory undulations put in an appear- 
ance, may come from some stouter structure of the connective tissue, 
located at this boundary line, and which may help at the same time to 
prevent the propagation of the pressure from the lower to the upper 
part of the mediastinum. The only objection that could be made 
against this theory is, that according to it, that part in the upper third 
which is least separated from the pleural cavity should show stronger 
undulations; but in the region next to the apex of the lungs is 
contained the least amount of thoracic viscera, and just here were 
hardly any inspiratory undulations to be noticed. There is not such an 
importance, however, in this objection as to be sufficient to exclude the 
possibility of this hypothesis. I mean to say this:—although it seems 
to me that my experiments on the mediastinum make it indeed 
probable that the apices and the back part of the upper third of 
the lungs do not participate in the breathing so largely as the other 
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parts of the lungs do, in consideration of the importance of this 


conclusion, we should not consider it as proven, until it has been tested 
by experiments made on the pleural cavity, directly or within the lungs 
themselves. 

Besides the relations to the breathing of the upper parts of the 
lungs, the condition discovered to prevail in the upper part of the 
mediastinum has an important bearing on the question of the origin of 
the respiratory undulations of the blood-pressure. Without entering into 
details of the very complex theme, it is sufficient to say, that with 
exception of a very few all the writers on this subject agree with the 
view set forward and developed by Ludwig, Donders and Einbrdd, 
that the increase and the decrease of the intrathoracic negative 
pressure accompanying the respirations, have a great deal to do with 
the undulations of the blood-pressure. During the inspiration both 
ven cave and the right auricle are, so it is generally assumed, under a 
considerably lower pressure than the veins outside of the thorax, which 
difference of pressure causes greater inrush of blood into the great 
thoracic veins and the right auricle, and thus more blood comes into 
the ventricle etc.; the expiration on the other hand by the diminished 
intrathoracic negative pressure diminishes the influx of blood into the 
ventricle. The same conditions have, so it is calculated, an opposite 
but a smaller effect on the aorta. Now we have seen in our experiments 
that the inspiratory changes in the intrathoracic pressure are very 
small in the upper part of the mediastinum, amounting only to a few 
millimeters of water, the main change in the pressure occurring in the 
lower part of the mediastinum. As the upper part reaches as far deep 
as the 5th or 6th rib, so this part contains the entire superior vena 
cava, the arcus aorte, the auricles, and a considerable part of the 
inferior vene cave and the descending aorta. In short, the main 
circulatory parts which are expected to be influenced by the consider- 
able change in the intrathoracic pressure, are located in that part 
of the mediastinum where, according to my experiments, very little 
change occurs. Thus my experiments seem to destroy nearly the 
entire basis, upon which the prevailing theory concerning the respiratory 
undulations of the blood pressure rests ! 

I content myself for the present with this short reference to the 
subject, awaiting firstly a confirmation of the facts I have stated here. I 
wish only to add that by the method of introducing a tube in the medi- 
astinum posterior without influencing the respiration, it is possible to 
exclude entirely the respiratory undulations of the intrathoracic pres- 
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sure, and it will thus be possible to investigate directly, the share 
those undulations of the intrathoracic pressure have in the undulations 
of the blood pressure. | 


EXPLANATION OF THE CURVES. 


The curves have been obtained by connecting the katheter with a Marey’s 
tambour, the lever of which transmitted the respiratory undulations of the 
intrathoracic pressure on the sinoked paper, which covered the revolving 
cylinder of a recording apparatus. The negative pressure accompanying the 
inspiration rarefies the air in the tambour, and thus makes the lever of the 
tambour descend; the ascension of the lever corresponds to the expiration. 
Below the inspiratory undulations the lever of a time-marker recorded the 
time in seconds. The distance between the lines of the two levers, traced 
before the katheter was introduced into the chest, represents the condition of 
the air in the tambour under atmospheric pressure. A smaller distance 
means a negative, a greater distance a positive pressure. 

The Curves on Plates VIII. A and VIII. B are selected from quite a great 
number of curves, all of which show quite the same proportion between the 
undulation of the upper and lower parts of the mediastinum, the difference 
consisting only in the absolute dimensions of the undulations obtained from 
the lower parts, a difference which is even to be seen in the present two 
curves. Even the undulations in VIII. B are not nearly as large as I obtained 
in some animals. Each of these curves represents an entire experiment. The 
katheter has been pushed into the chest, in these experiments, from 6 at once 
to 10 units, this distance corresponding in VIII. B to the first ribs, and in 
VIII. A to the first intercostal spaces. The numbers on the curve: mean the 
distances from the crico-thyroideal ligament, a unit being 5 mm. (10 means 
50 mm.). After recording the undulation in one position, the cylinder was 
stopped and the katheter pushed one unit deeper; then the cylinder was again 
put in rotation, and so on until the probable end-point of the mediastinum 
was reached; and then the retraction followed. The position of the tambour 
and the time-marker remained the same during the entire experiment. The 
direction of the curve downward means inspiration, and upward means 
expiration; the marks above the undulations show the beginning, the numbers 
below, the end of the undulations, corresponding to the distance given in the 
number. In both of these experiments there has been some active expira- 
tion. 

Plate VIII. A is obtained from a rabbit 1500 gram., with a katheter No. 
5 lungs visible through pleura; int. means that the pleural cavity remained 
intact. In the distance from 10 to 12, we see hardly perceptible undulations; 
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from 12 to 16 they are increasing gradually; from 16 to 19 they disappear 
again; at 19 there is a sudden increase in the inspiratory undulation, and 
with only a small gradual increase remaining rather about the same to 25 ; 
at 27 there is again no motion, and at 26 they are irregular, and smaller as in 
the preceding section. The level of the expiratory line remained between 10 
and 12 like it was before the introduction of the katheter, from 12 to 19 
there was a very slight degree of negative pressure ; its main increase occurs 
suddenly at 19 and continues to be about the same in the remainder of the 
mediastinum, being even a little more pronounced in the last section (27), 
where no more inspiratory undulations are to be seen. Plate VIII. B is ob- 
tained from a rabbit of 1800 gram., with a katheter No. 5, the pleural cavity 
remaining intact even after admitting air to the mediastinum. We meet in 
this curve in the main with the same conditions as in VIII. A, with the differ- 
ence that the large undulations appear in a deeper part of the mediastinum ; 
there is a visible increase in the inspiratory undulations at the retraction, 
and there is no negative pressure at the expiration, rather a little positive 
pressure throughout the experiment, the contraction of the expiratory muscles 
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ON RETRACTILE CILIA IN THE INTESTINE OF LUM- 
BRICUS TERRESTRIS. By M. GREENWOOD, Lecturer 
of Newnham and Girton Colleges. (Pl. IX.). 


(From the Physiological Laboratory in the University of Cambridge.) 


In a recent exhaustive paper on the histology and physiology of the 
intestinal mucous membrane, Heidenhain“ deals in some detail with 
the structure of that “striated border” which has long been recognized 
as characteristic of such epithelium cells as are specially concerned with 
absorption. Basing his conclusions on very minute and varied investi- 
gation of the intestine of mammals and amphibia, Heidenhain states 
that this striated border, in what may be regarded as its most developed 
condition, is made up of rods set vertically to the plane of extension of 
the mucous membrane and separated by homogeneous substance. The 
rods and homogeneous substance are alike intimately connected with 
the body of the cells over which they lie, and a certain degree of 
mobility characterizes both. Thus the homogeneous substance may be 
withdrawn into the cell and leave the border made up only of rods, or, 
conversely, withdrawal of the rods may leave hyaline matter in which 
striation can by no means be detected. I gather from Heidenhain's 
account that each movement is slow; the rods of the border may be at 
one time high, at another time low, while yet again they may not be 
seen; but observation of the actual transition is not recorded. 

The definiteness and coherence which mark this description, and 
bring it into striking contrast with such accounts of the “border” of 
epithelium cells as are found in earlier writers, make one turn hopefully 
to that part of Heidenhain’s paper in which he considers the mode 
of absorption of fat; but here is no experimental evidence of any con- 
nection between the structural complexity of the epithelial border and 


1 R. Heidenhain, Pfliiger’s Archiv, Bd. XIII. Suppl. Heft. 
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the entrance of solid matter into the columnar cells. Heidenhain 
acknowledges the existence of many observations on the ingestion of 
solid matter by amoœboid processes among invertebrates, but adds that, 
as far as vertebrates are concerned, the taking up of food particles by 
means of movable protoplasmic processes of epithelium cells is not an 
established fact of science. 

Thus the function of the “Stibchenorgan” or intestinal rods 
described by Heidenhain is still unexplained, and we are inclined to 
ask, Is the fibrillar structure a remnant of ancestral character, useless 
now, and only lingering in its disappearance, or is it the expression of 
the existence of an organ which future investigation will correlate with 
the performance of some definite task? I think that the answer to 
this question is still distant while we have such fragmentary knowledge 
of the processes of absorption as they go on in the intestine of various 
animals, and of the machinery used in their performance. For such 
experimental evidence as does exist hardly justifies more than the 
general statement that intracellular digestion appears to be gradually 
replaced by extra cellular digestion, that there is increasingly clear 
separation of cells that absorb from cells that secrete, and that the 
immobility of the absorptive cells is accentuated, until finally, among 

mammals, there is no ingestion of solid matter other than particles of 
fat. Such an account is clearly not incompatible with very scattered — 
knowledge of detail, and it is in the hope of filling up a gap—in other 
words of describing a modification of structure hitherto unrecorded—that 
I have written the following notes. They treat of the minute structure 
of the alimentary canal of the earthworm, which seems to me of 
histological interest as foreshadowing, though distinctly invertebrate in 
type, some of the points with which we are familiar in vertebrates, even 
in mammals. 

I have used the common earthworm, and may here recall the fact 
that in this animal, posterior to the esophagus, no distinct glandular 
diverticula are separated off from the alimentary canal, and that even 
if the esophagus be included we can hardly regard the secretion of the 
chalk glands as more than indirectly concerned in the solution of food. 
Clearly the formation of the main part of any secretion used in digestion 
and the absorption of digested matter depend on the epithelial lining of 
the intestine. And it is the structure of this lining which I wish to 
describe in some detail. 

I suppose that in all existing records, which are comparatively 

modern, we are met by the statement that the gut of Lumbricus is 
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ciliated. Vejdovsky’ and Benham“ notice further that some non- 
ciliated granular cells are interposed among those that bear cilia and 
associate them with secretory activity. Although almost everything 
that I wish to say bears directly on the minute structure of the cells 
thus indicated (for it seems to me that no existing description is quite 
adequate), yet it may be well to take as a starting-point an enumeration 
of the other familiar elements which are bound up together to make the 
gut of Lumbricus. 


The intestine is slightly sacculated soon after its origin from the 
gizzard, but it is a straight tube at its posterior opening. It is invested 
externally—that is, on the side turned towards the body cavity—by 
those clustering yellow cells which are regarded, except perhaps by 
Kükenthal“, as modified cells of the coelomic epithelium. These 
begin in a rather scattered manner in the segments which immediately 
succeed the gizzard and end posteriorly in a like interrupted fashion. 
Their internal attached ends, which are delicate, branched, and generally 
free from the characteristic yellow spheres, destroy the continuity of the 
next layer of the intestinal wall, a layer of longitudinal muscle whose 
fibres thus run in bundles, The circular muscle fibres which succeed 
are again arranged in bundles, and the connective tissue which separates 
them and which surrounds the abundant neighbouring blood vessels is 
continuous with that which forms a support for the innermost layer— 
the intestinal epithelium. In the cavity of the gut, as I have said 
above, definite glandular recesses are absent, but through the greater 
part of its length a well marked involution of the dorsal wall into the 
intestinal cavity forms the typhlosohle (Pl. IX., Fig. 1, typ.) In this 
ridge all the layers I have just named are represented; thus it is a 
highly vascular structure, and yellow cells like those which form the 
external coat of the gut almost fill its concavity. It begins gradually 
and gradually fades away as a slight median fold, but in a certain 
region attains such complexity that it is almost fan-shaped in transverse 
section. It is no mere extension of the wall of the alimentary canal, 
giving, as has been said before, a greater absorbent surface, but it 
shows, especially when the epithelium is studied, accentuation of some 
of the characters of the rest of the surface while others are corre- 
spondingly obscured. In fact the intestine exhibits a double histological 


1 Fr, Vejdovsky, Syst. u. Morph. der Oligoch. 
2 Benham, Quart. J. Micr. Sci. xxv1. 276. 
3 W. Kükenthal, Jenaisch, Zeitschrift, Bd. xvut. 
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differentiation; there is in the first place a change from before 
backwards depending on the occurrence of unlike cells, a change which 
involves especially the walls of the alimentary canal; and in the second 
place, in a transverse section taken at any point where the typhlosohle 
is conspicuous, there is radial asymmetry, that is to say, like cells have 
unlike arrangement. 

Two questions naturally present themselves. What are the various 
characters of these unlike cells? How are they grouped to give by 
their arrangement a second sort of unlikeness? And it is these 
questions I shall now try to answer. 


A. Histological features of the epithelium cells which line the 
intestine of Lumbrious. 


1. It is perhaps anticipating a statement which belongs properly 
to the second point with which we have to deal, to say that the first 
form of cell I would notice occurs at both extremities of the intestine. 
The skin of Lumbricus is covered by a cuticle formed probably by the 
activity of all those cells of the columnar external epithelium which are 
not modified into sensory cells or into unicellular mucous glands. The 
cuticle may under certain conditions be stripped off in sheets, continuous 
save for the perforations which act as external openings to the glands, 
and in this case each columnar cell left behind has still a peripheral 
zone of hyaline substance. Thus it would seem that changes recalling 
the production of cuticle in plants occur here, that external layers of 
the cell’s protoplasm are altered chemically and by further modification 
and lateral fusion yield the almost homogeneous cuticular sheets. 

Again the gizzard is lined by a cuticle formed in like fashion, and 
most energetically by the substance of the subjacent cells, and those 
parts of the intestine which are quite posterior’ and those which follow 


immediately upon the gizzard are easily recognizable. The lining 


membrane here is columnar epithelium unremarkable save that its free 
border is modified into resistant cuticle. Apart from these transitional 
elements, however, I think it, possible to regard the cells of the intestine 
as modifications of two types; the characters displayed by one type are 
remarkable. 


2. The secretory cells noticed and figured by Vejdovsky“ and 


1 Scattered goblet sense-organs are present here as on the exterior of the head and tail 
of the worm. 


* Fr, Vejdovsky, loc. cit. 
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Benham’ recall the unicellular glands which have already been 
described in Hydra’; they taper slightly towards the internal surface of 
the gut and more strikingly towards their points of attachment 
(Figs. 2, 3). These cells display conspicuously, at least at times, a 
nucleus, cell substance and secretory granules; the granules are so 
numerous in the typically fasting state that it is difficult to realize then 
the existence of other cell cunstituents. The protoplasm, when under 
these conditions it is made evident, is seen to stretch as a supporting 
framework or spongework throughout the cell; at such times as the 
granules are less numerous, a basal part of the cell substance, holding 
the nucleus, is free from them (Fig. 2). When accunagjated thus or 
when it stretches as a temporary network through the cell, the 
protoplasm shows, I believe, no further obvious structural differenti- 
ation. The secretory granules are preserved by osmic vapour, and 
admirably by corrosive sublimate ; they are however more easily broken 
down by reagents than are the remarkably resistant mucous granules of 
the unicellular glands of the skin. 

If function may be at all securely inferred from histological appear- 
ance, and if we except the chalk glands, these are the only typically 
secretory cells which are found in the gut of the earthworm. Now 
Krukenberg? ascribes to extracts of the intestine peptic, tryptic and 
amylolytic power: Fredericq‘* confirms the statement that such 
extracts are able to digest proteids in an alkaline solution; Darwin“ 
notices that an alkaline fluid acting on the starch grains of leaves 
which it moistens is poured from the mouth, and I shall have to point 
out later that fat may be absorbed from the alimentary canal in 
considerable amount. 

Again we know that worms when in sufficiently dry surroundings 
coil themselves up into a knot at the bottom of the containing vessel 
and do not act on the surrounding mould, and that in like manner 
a worm laid on very dry earth will not burrow. But though these facts 
may lead to the supposition that the fluid which moistens the swallowed 
earth under ordinary circumstances is derived directly from surrounding 
water rather than from the activity of the gland cells, yet the fact that 
the normal castings set when dry, indicates that there is within the gut 
at least admixture with some secretion. 


1 Benham, loc. cit. 

2 C. Jickeli, Morphol. Jahrb. Bd. vnd. M. Greenwood, This Journal, Vol. 1x. 
3 Fr. Krukenberg, Kuhne's Untersuch. Bd. u. 

L. Fredericgq, Arch, d. Zool. exp. T. vu. 

5 C. Darwin, Vegetable Mould and Earthworms, p. 42. 
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Thus it seems probable that the processes involved in tbe nutrition 
of an earthworm are somewhat complex, and it is not unnatural to 
expect an answering complexity of structure in the only obvious 
digestive cells which it possesses. But if the secretory granules which 
are so striking at times do possess differentiated action, the fact is not 
clearly revealed by simple study of structure. They do not indeed 
react in quite the same manner at all times, but the variation is 


uniform and may be explained I think by the hypothesis that, 


becoming mature, they grow less stable. Such a change in behaviour 
is characteristic of the mucous glands of the skin, where in specimens 
hardened alike, discrete granules, pale swollen spheres, or homogeneous 
clumps of secretory products may be present in different cases, or 
where the cells may be typical goblet cells. The possibilities of 
variation are not indeed so wide in the intestine, but this is due to 
the fact that in the epidermis we appear to have a very extreme case 
of mucous change’, while in the intestine the cell is less entirely 
subordinate to its contained secretory products. 

It may not be irrelevant to say here that in addition to this 
difference of degree between the epidermal and intestinal glands a 
qualitative difference finds expression in the fact that the intestinal 
secretion is apparently not mucous. Its formation when the natural 
stimulus of contained matter is absent cannot readily be brought about. 
I do not therefore speak from chemical observations on a secreted 
fluid. But in long hunger no noticeable amount of mucus can be 
found in the intestine; when food is present its particles separate 
readily in water or dilute acid, and the secretory granules of the gut in 
the fresh state do not, I think, yield those viscid bubbles and strings 
which we have come to associate with the substance of living mucous 
cells. 

Except in degree the gland cells deviate but little from a structure 
which may be called typical, but the second class of cells (to which 
I think the intestine of Lumbricus owes all that it has of special 
interest), includes elements which, if I am justified in grouping them 
together, are at least far from typical in structure. Certain histological 
features characterize them all; thus each has, about its middle, a 
conspicuous oval nucleus with a nucleolus, and each has branched basal 
prolongations which join the sub-epidermal connective tissue; it is in 
the shape and proportions of the whole cell and especially in the 
structure of its external edge that variation occurs. Emphasizing 
1 J. N. Langley, This Journal, Vol. x. 
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this free border chiefly, as a distinction, I shall consider successively 
forms which have and which are destitute of obvious cilia. 

3a. Cells with obvious cilia. (1) Certain cells, save that they 
are unusually elongated and branch internally, are not far removed in 
structure from such ciliated cells as characterize the buccal mucous 
membrane of Triton, that is their cilia, uniform in length, spring from 
an apparently hyaline band. 

(2) But in many cases the height of the cell is disproportionately 
increased (Fig. 4 d.), the filiform processes into which its substance 
breaks internally are very striking and the basal band takes the form 
of a triangular plug of hyaline substance, the base of the triangle being 
the apparent point of origin of the cilia while the apex passes off 
gradually into the protoplasm of the cell (Fig. 4 c.). 

(3) And yet again cilia may be traced through the external zone 
and are only lost when they pass into the protoplasm beyond. With 
this arrangement the basal band seems sometimes to be made up 
of rods stouter than the cilia, which look very like their intracellular 
prolongations ; at other times however it is hyaline save for the strie 
which are the necessary expression of the existence of the perforating 
cilia. The cilia occasionally bear tiny varicosities before they pass 
into the body of the cell (Fig. 4 d). Under a sufficiently high power 
these are distinguishable as belonging each to a ciliary thread’, and 
they recall Heidenhain’s description of similar thickenings which 
may be seen under suitable conditions at the base of the intestinal rods 
of the dog. 

It will be remembered that Engelmann? describes and figures 
intracellular fibrille in many ciliated cells. According to him one 
fibril corresponds to each cilium, though in chemical characters they 
are often unlike and there is no structural continuity. The cells of 
vertebrates show but faint and obscure fibrillation: in many inver- 
tebrates however distinct filaments may be traced to the neighbourhood 
of the nucleus, where they fuse to a single thread. The existence of 
similar fibres is indicated by Marchi’® in his figures of the ciliated 
intestinal epithelium of Anodon. 

It may be urged, by those who accept the records of these observers, 
that the minute variations I have described are not incompatible with 


1 These varicosities stand singly as a rule, but I think it is possible that each cilium at 
times bears two, one at the outer limit and one at the inner limit of the basal band. 

* Th. W. Engelmann, Pfiiger’s Archiv, Bd. xx. 1880. 

P. Marchi, Arch. f. mik. Anat. Bd. x1. 1866. 
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the received conception of a ciliated cell, or are even artificial and due 
to want of uniformity in preparation. I must say then that after 
constant treatment the appearances vary, and that in two other points 
there is yet a more manifest deviation from type. In the first place, a 
vacuole is sometimes present in the external part of the protoplasm 
(i.e. under the basal band) (Fig. 4 d), while the same region may be 
collapsed or folded after maceration so that the cell has a constricted 
neck. The vacuole is often wanting, however, and the cell substance 
under the action of hardening reagents, as distinguished from those 
that macerate, is commonly dense and homogeneous (Figs. 5, 7, ic.) 
Secondly, distinct fat globules may be present in the earthworm in cells 
which bear cilia. The coincidence is rare, and the fat particles, which, 
comparatively few in number, may be of relatively large size, are 
gathered internally to the nucleus or may distend the branched 
processes of the cell. It is this inclusion of fat which seems to me 
to show unexpected activity. The substance of a typical, ciliated cell is, 
as Engelmann says, free from coarse particles, indeed the only case 
where this statement does not hold is one which he describes, Certain 
cells in the intestine of Cyclas have few cilia, and mobile protoplasm, 
frothy in its external part. The cells are alluded to briefly; it is 
evident however that Engelmann ascribes the frothy aspect to 
contained mucous spheres and looks on these forms as intermediate 
between goblet cells and typical columnar epithelium. 


36. Cells without obvious cilia. The forms which I place in 
this group have no motile protoplasmic processes projecting freely into 
the intestine. In the fresh state the external edges of adjacent cells 
touch and give the effect of a continuous band, rarely a double band, of 
hyaline substance (Fig. 8) from which little bulle may be separated 
off by pressure. In hardened specimens the homogeneity is sometimes 
preserved (Fig. 7), but as a rule it is possible to apply treatment which 
brings out certain structural complications. Thus when macerated 
cells are mounted in fluids of low refractive power it is usual to see 
that the greater part of the free border is made up of rods set side by 
side, only a narrow internal zone being still hyaline (Fig. 6d). The 
rods remind one irresistibly of Heidenhain’s' description of the 
Stäbchenorgan in the vertebrate intestine: théy are not always 
equally obvious, nor is their share in the formation of the whole border 
of the cell constant. Thus at times the internal hyaline band takes up 


1 R. Heidenhain, op. cit. Taf. 1, figs. v. vi. vii. vnt. 
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half the depth of the whole border; at other times the distinction into 
two layers is not clear (Fig. 6 5) and the rods are so little separated that 
the cell seems to have a coarsely striated edge. The inner homo- 
geneous band stains deeply with picro-carmine: the rods stain almost 
as faintly as do actual cilia. 

The external border then of these cells though varying in character 
within narrow limits is quite distinctive; as far as points of structure 
are concerned, the cell body and its internal processes are unremark- 
able. But in the great majority of specimens fat is present in large 
amount and this at once marks out the cells which hold it. The fat 
drops vary much in size, slightly in shape; the smallest globules lie 
immediately beneath the free edge of the cell; larger drops are 
crowded more internally so that protoplasm and nucleus may be 
obscured, and, apparently passing down, they certainly distend the 
filiform internal processes (Fig 6 a, b,c). When speaking of the cells 
with obvious cilia I mentioned that fat globules were very rarely 
present and then lay internally to the nucleus, and I would point out 
now that in the same exceptional way the striated non-motile border 
may be present in cells which hold no fat. I hope to show later that 
these apparent contradictions are not really out of harmony with 
hypotheses which interpret the usual appearances more or less ade- 
quately. 

The modifications of structure hitherto described have been noticed 
in hardened and macerated specimens, and in part at least in the fresh 
state, but occasionally in hardened specimens there are appearances 
which perhaps deserve brief mention. The free border of the epidermis 
is not striated nor does it bear obvious cilia, but it gives little 
bladders of substance, or small solid spheres, hyaline or granular, or the 
whole border is raised up by what seems to be accumulation of fluid 
at its inner edge. These formations are, as I have said, seen in 
hardened specimens, where among other factors account must be taken 
of the action of reagents on the muscular fibres of the intestinal wall ; 
I think there is hardly room for doubt that they are abnormal and not 
pre-existent, that they are phenomena of swelling or contraction. I 
mention them partly because in some fresh specimens (v. supra, and 
Fig. 8) pressure or withdrawal of water may cause somewhat similar 
extrusion of substance; and because the structural characters of any 
tissue must be, at least in part, the measure of the possible action of 


reagents upon it. 


= * 
> 
. 
* 
7 
8 
— 
> 
* 
2 


248 | M. GREENWOOD. 


I may say at once that it seems probable that the different forms of 
epithelium cells which have been described do not co-exist in all worms 
at all times; rather there is some evidence that the same cell may 
change its characters in definite connection with the performance of 
function; before bringing forward this evidence I should like to give 
some description of the distribution of different cell forms in the gut. 


B. Arrangement of cells in the intestinal epithelium. 


This intestinal epithelium is, I believe, only one layer in depth. 
Claparéde’, it is true, speaks of many layers, but his figure is too 
diagrammatic to allow one to believe that he had seen everything in a 
section that later methods show. Vejdovsky* too, in a figure of 
Lumbricus, represents small cells as lying at the base of the columnar 
cells which make up the adult epithelium and evidently regards them 
as “ersatzzellen.” I have not however been able to establish their 
occurrence at all constantly in Lumbricus. Nuclei indeed are seen 
besides those which, belonging to the ciliated cells, are placed 
half-way down the mucous membrane and beside the basal line of 
nuclei which may be recognized in the gland cells (Fig. 1), but they 
seem irregular in number and occurrence, and I am inclined rather to 
regard them as belonging to the subepithelial connective tissue or 
to rare in-wandering leucocytes. | 

The plan of arrangement then is simple, but it may be obscured by 
foldings due to contractions of the intestinal muscles or (as probably in 
the preparation from which Claparéde’s figure was taken) by slight 
obliquity in section. In this single layer of epithelium variations of 
combination are to be seen, of such nature that we may distinguish an 
arrangement characteristic respectively of the typhlosohle and walls of 
the alimentary canal; a variation in both as we pass posteriorly, and 
finally in any transverse section, at least in which the typhlosohle is 
included, secondary variations. 

1. The typhlosohle and wall of the alimentary canal con- 
trasted. 

The differences are differences of degree rather than of kind but are 
sufficiently well marked to make it easy in most cases to localize any 
cells examined. Briefly, they are of this nature, that the cells with 
striated border crowded with fat globules characterize the typhlosohle, 


1 Claparéde, Zeit. fiir wiss. Zool, Bd. XXXIX. 
2 Fr. Vejdovaky, op. cit. 
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that gland cells abound on it, and that ciliated cells though present 
sometimes are sometimes entirely absent. The cells of the wall of the 
alimentary canal on the other hand show typically obvious cilia, the 
occurrence of fatty particles is less common, and gland cells though they 
may be present in great numbers are often scattered. 

2. Variations throughout the length of the gut. In an earlier 
part of this paper I pointed out that I should exclude from further 
consideration those cells which are quite postérior and which immedi- 
ately succeed the gizzard, on the ground that they are transitional 
forms between cuticularized columnar epithelium and the cells of the 
intestine proper. Disregarding these then we may say that there is a 
comparatively long stretch of intestinal wall in the posterior half of 
the animal’s body where the majority of the cells are in active ciliary 
movement in the fresh state and where in the hardened specimen the 
cilia spring from the blocked end of a cell or from a typical basal band 
(Fig. 4 a, b,c). These are present alone as far sometimes as the level 
of the ending of the typhlosohle, at other times at this point scattered 
gland cells are striking. I may perhaps repeat that here and always 
when glands are present the extreme outer edges of the ciliated cells 
are apparently in contact laterally in the fresh state, and when 
hardened show at best only inconspicuous openings between them. 
Thus the secretion of the cells which lie behind has to reach the cavity 
of the intestine by narrow channels recalling those by which the mucous 
glands of the skin open outwards’ (Fig. 5). 

The gland cells increase in number anteriorly, and are most abundant 
over a variable area which lies posteriorly to the clitellum ; then they 
decrease, disappearing near the gizzard. Where fat-holding cells, or 
cells without obvious cilia are present, they too are found in a zone 
whose limits are somewhat variable though I have not found it 
extending posteriorly to the median point of the animal's body. Diffe- 
rent species of Lumbricus vary so much in length that I think it is 


better not to go beyond these somewhat vague statements. I often 
took segments 45-50 from the head as the starting-point for examina- 


tion of the intestinal cells. But it is clear that, since an earthworm 
is made up of 100-200 segments“ this point, though constant relatively 
to the head, is a very variable distance from the tail. 

The typhlosohle varies less throughout its length than does the 
wall of the alimentary canal. Gland cells may be present from beginning 


1 J. N. Langley, loc. cit. 
1 C. Darwin, op. cit. 
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to end though they are nowhere so abundant or so striking as in the 
middle region. The cells among which the glands lie are at times 
ciliated throughout the length of the typhlosohle and at times their 
border is smooth in the fresh state, striated after maceration. The 
ciliation is never so vigorous over the surface of the typhlosohle as 
from the walls of the alimentary canal, while on the other hand fatty 
particles are more conspicuous than in any other region. Fat-holding 
cells when present occur at the anterior end of the typhlosohle but do 
not stretch to its posterior end; thus here there are indications of that 
contrast in the distribution of secretory and non-secretory cells which is 
very characteristic of the wall of the alimentary canal. 

3. Secondary variations which are obvious in transverse section. 

It will be gathered from what has been said that in transverse 
section of the gut taken posteriorly to the ending of the typhlosohle 
the cells may form an even lining or may be thrown into pseudo-villi 
by contraction of the intestinal muscles. On the apices of these 
transitory folds ciliation is much less marked than it is in the 
depressions between. But this variation in distinctness is, I believe, 
accidental and not indicative of functional specialization ; the cilia are 
generally developed in both regions and simply obscured in the more 
exposed conditions, possibly by pressure. But when the typhlosohle is 
well formed and gland cells appear there is a tendency to definite 
arrangement. Thus when the walls of the alimentary canal are raised 
into temporary villi here, it is usual to find ciliated cells at the apex of 
the folds. The gland cells in Lumbricus as in Hydra (in whose 
endoderm they lie among large absorptive cells), seem possessed 
of slighter mobility; they are destitute of the well-developed 
filamentous processes by which the neighbouring cells gain markedly 
in extensibility. 

In the case of those permanent folds in which the typhlosohle is 
arranged, there is even more definite grouping. Ciliated cells are 
clustered at the apex of the median ridge and often crown the 
secondary ridges too; at lower points the gland cells alternaté with 
them but never replace them altogether, even in the epithelial 
recesses, The ciliated cells which are thus depressed however seem 
less active in certain directions than those carried forward by their 
position far into the cavity of the intestine; at least it often happens 
that one may find the apical cells crowded with fatty particles while 
the lower cells show none, or again that there may even be cilia in the 
grooves of the typhlosohle while a smooth border covers its ridges, 
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One is reminded of the localization of fat absorption (at any rate unless 
it is extremely active) in the apices of mammalian villi and at the top 
of the frog’s intestinal folds. 3 


Such are the characters and connections of the epithelium cells 
of the earthworm’s intestine. I have suggested already that all the 
forms described should not be looked upon as fixed structures, but 
rather that histological variations accompany functional change. Such 
a suggestion seems to me to follow naturally from the facts of minute 
structure given above, but I think that other direct and indirect 
evidence may be brought forward to support it. | 

a. When many earthworms are gathered at any one time from one 
place it is only a fairly high percentage, which, as far as histological 
characters form a sure index to function, are in the same state of 
nutrition. Thus, in keeping a number of individuals in confinement 
in order to study variation, it is hardly possible to be sure that they 
have a common structural starting-point. 

Again, the ordinary mode of nutrition of Lumbricus makes it 
difficult to give artificial food in a concentrated form. It is true that 
Claparéde’ states that triturated leaves and earth occur in different 
parts of the intestine, and that the earth is swallowed in order to make 
burrows rather than for the purpose of yielding food ; it is true too that 
Hensen“ is inclined to regard ordinary humus as destitute of any 
adequate amount of nourishment. But Darwin“ is clearly of the 
opinion that food as well as space must be gained by the sifting of 
so much vegetable mould, and he even brings forward evidence to show 
that worms may subsist for at least considerable periods of time 
solely on the organic matter contained in earth.” I suppose that at 
present few observers would dispute Darwin’s view; probably indeed 
one is justified in extending his statement and in saying that Lumbricus 
is so accustomed to the ingestion of. nourishment together with much 
innutritious matter from which slow selection has to be made that 
relatively pure food-stuffs are unacceptable. I have not, in fact, 
succeeded in making an earthworm eat raw meat apart from a large 
concomitant consumption of earth, and ingestion of unmixed fat in any 
quantity has been as difficult to bring about. This selective mode of 
nutrition, in which (from an experimenter's point of view) a certain 


E. Claparéde, op. cit. 
Hensen, Zeit. f. wiss. Zool. Bd. XXVII. 
C. Darwin, op. cit. p. 108. 
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caprice comes into play, makes it difficult to say how soon after 
deprivation of food the appearances of starvation may be expected, 
while conversely, it is needful to recognize that a worm may be taken 
from earth recently and yet not be well nourished. Nevertheless I 
think that definite changes in structure may be associated 
with feeding and starvation. 

2. The fat globules which may crowd the typhlosohlar epithelium 
in some regions, and may be present, though less markedly, in the walls 
of the alimentary canal, are invariably most abundant in animals taken 
from rich earth or from leaf mould (Fig. 6 a, b, c). During periods of 
hunger they disappear, tarrying internally to the nucleus and ap- 
parently passing down the filiform internal processes of the cell which 
they distend. I have pointed out that the individual globules vary in 
size but are often relatively large; it is noticeable too that, usually 
colourless, they may be so distinctly yellow or brown (probably so 
impure) that the epithelium holding them is tinged in the fresh state. 
_I am inclined to associate the yellow colour with some decomposition 
product of chlorophyll, and to think that all the facts of the occurrence 
and characters of the intracellular fat point to fat contained 
in the cavity of the intestine as its immediate antecedent. 

3. The gland cells on the other hand are most striking after long 
fasting. Their secretory granules show clearly in the fresh state even 
in well-nourished worms, and seem grouped as in the meshes of a 
network formed by the apparently confluent surrounding cells (cp. 
Fig. 9), but here, and especially after hardening, the contrast between 
the states of feeding and fasting is undoubted. It has seemed to me 
that at times there is a diminution in the number of cells which are 
granular at all, as well as a decrease in the granular contents of each. 
Now Vejdovsky’ supposes that there is an actual discharge of glandu- 
lar cells from the typhlosohle of other oligochætes, and Ray Lankester“ 
suggests that a like expulsion of active secretory cells may obtain in 
Limnocodium ; but these hypotheses seem to me to be so little borne 
out by the most firmly established facts of gland physiology that I 
hesitate to interpret the appearances seen in Lumbricus in the same 
way. A gland cell in Hydra when it has lost all its secretory granules 
is an inconspicuous mass of substance; it is clear enough in the 
earthworm that all the gland cells in one transverse plane do not show 
at one time the same degree of activity. I think it possible then that 


1 Fr. Vejdovaky, op. cit. 
2 E. Ray Lankester, Quart. J. Mic. Sci. 


4 
1 
4 
4 
* 
4 
by 
7 
7 
NA 
2 
* 


INTESTINAL CILIA OF LUMBRICUS. 253 


apparent diminution in number may only mean great inequality in the 
rate of secretion, certain cells having turned out so large a proportion 
of their granules that, especially among temporarily conspicuous 
neighbours, they are obscured. But I am not justified in making 
dogmatic statements on this point, for I have not been successful in 
bringing about formation of the intestinal secretion either by the 
injection of poisons or by electrical stimulation; I would emphasize 
this fact only, that the secretory granules of the gland cells 
accumulate during starvation. 

4. Not less striking than this variation in the contents of the 
epithelium cells is the change in the epithelial border. It might 
almost be said that distinct ciliation varies directly with the number of 
secretory granules, and that a smooth border is connected almost as 
closely with the presence of intracellular fat. These statements are 
more strictly true of the typhlosohle than of the walls of the alimentary 
canal, for, as I have pointed out above, there are regions of the latter 
which show no marked variation. Indeed I can conceive that it may 
be suggested, in explanation of the observed appearances, that certain 
cells of the gut of Lumbricus are glandular, that certain cells are 
ciliated permanently, and that others (and these are present especially 
on the typhlosohle), while destitute of cilia, have the power of ingesting 
solid matter. I am inclined however to accept an hypothesis which 
may seem more improbable at first sight, the hypothesis that even the 
cells which ingest are sometimes possessed of motile protoplasmic 
processes; in other words, I think that we deal here with retractile 
cilia. It is not difficult to demonstrate the fact that retractile flagella 
spring from the endoderm cells of Hydra, and the temporary existence 
of cilia during the development of some organisms is familiar, but the 
statement that the same cell may put ont and withdraw processes 
of itself, definite enough in structure and mode of action to be called 
cilia, needs perhaps some special support’. 

a. It is, I think, indisputable that the typhlosohle is ciliated at 
times (Fig. 5); the edges of certain cells lining the alimentary canal 
may, on the other hand, be smooth; now since the typhlosohle has a 
hyaline border in all well-nourished worms belief in retractility seems 


The flagellate collar-cells of sponges are figured by von Lendenfeldt (Zeit. f. wiss. 
Zool. Bd. xivm1.) without collar or flagella when their substance is loaded with ingested 
carmine, It is a temptation at first to quote this as an instance of the association of 
ingestion with the withdrawal of protoplasmic processes, but von Lendenfeldt’s state- 
ments give some ground for believing that he looked upon the change as one of lesion. 
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inevitable unless we suppose that there is even extraordinary individual 
variation in structure. It is very probable that when Metschnikoff' 
speaks of the ciliated intestinal epithelium of Microstomum lineare 
as illustrating a type of cell which has quite lost the power of taking 
up solid nourishment, he formulates a view which is held widely, yet 
here in Lumbricus we have cells now ciliated, now crowded with fat. 
I would urge that these cells are not typical, but rather transitional 
between the absorptive cells of Hydra with their retractile flagella and 
the epithelium with its border of rods which is figured in the frog and 
in the mammal. They are extensile and mobile to a degree which is 
even surprising when we remember the firm union of many vertebrate 
tissues, and apparently definite displacement of their substance may 
occur. Thus there is at different times attenuation or expansion of the 
outer part of the body of each cell or a vacuole may be present; while 
not rarely the lateral outlines are so much obscured that the cells 
seem confluent in transverse section (Fig. 9). But it is in the border 
that there is special power of change; the cell would seem indeed 
to have at its disposal a certain amount of substance which may form 
a hyaline band giving origin to fine cilia, or may on the other hand be 
arranged in rods, stouter, but less readily discernible. And when the 
cell is especially narrow this changing mass of substance deepéns from 
without inwards; it is wedge-shaped rather than zone-like. 

b. Further, there are certain exceptional histological appearances 
which harmonize with the view I urge. I have said that rarely, ciliated 
cells do hold fat; it may be supposed, since the fat in this case is 
always internal to the nucleus, that the cell has almost used its store, 
but that before its entire disappearance the cilia are put out again. 
On the other hand I have seen cells at once without cilia and without 
fat; indeed such cells are common on the posterior part of the 
typhlosohle where in well-nourished worms there is a uniform border 
but no ingestion. This may be the expression of nervous connections 
which bring about sympathetic change in different regions of the 
typhlosohle, or it may indicate that other forms of activity less 
recognizable than actual ingestion are associated with the withdrawal 
of cilia. 

c. Again, it may be noticed that in the records of earlier observa- 
tions there are some statements or implications which are significant in 
this connection. Thus while Ray Lankester, writing of Lumbricus, 


E. Metschnikoff, Zool. Anzeiger, 1878. 1. Jahrgang. 
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says merely that the gut shows fine ciliation, Vejdovsky, in his general 
description of the typhlosohle in oligochztes, notices that it is made up 
of narrow cells which expand towards the lumen of the intestine and 
which have a “nonciliated, shapely cuticularized membrane.” Valentin’, 
writing much earlier, says of the alimentary canal of Lumbricus that 
there is ęiliary action, which fails some hours after death. I think that 
these slight differences of description are due to the fact that the 
_ observers, who indeed were not concerned mainly with the minute 
structure of the digestive cells, either did not always distinguish the 
typhlosohle and the other regions of the gut walls or looked upon a 
phasic condition as permanent. Thus the account given by Vejdovsky 
is true on the whole of the typhlosohle of any well-nourished earthworm, 
if we give to the term cuticle that elasticity of meaning which its 
use in descriptions of structure seems sometimes to demand. And 
Valentin’s statement makes me imagine that he examined not the 
free wall of the alimentary canal, where cilia may often be seen in 
vigorous action twenty-four hours after death, but the typhlosohle, 
where the movement when demonstrable in the recent state often fails 
rapidly. 

d. It will be gathered from the indirect nature of the evidence 
which I have brought forward that the most convincing proof of the 
existence of retractile cilia is wanting; I have not seen a hyaline border 
put out protoplasmic processes, nor have I seen any complete retraction 
of cilia after death. Variations in length may occur in any one 
earthworm (Fig. 4 a, b), and in the median region of the typhlosohle, 
where I think this special form of mobility in the cells is developed 
characteristically, the cilia, when they show, are finer, more scattered, 
and less vigorous in action than on the gut walls. And when 
quiescent through post-mortem change they have seemed to me to lose 
their integrity and to be represented by granular or shrivelled remains, 
but the border is irregular still, not perfectly uniform. It will be 
remembered that Heidenhain regards the mobility of vertebrate 
intestinal rods as expressing itself only in slow changes of form; it may 
be that he, in trying to observe it directly, met with a difficulty which 
has certainly faced me—the difficulty of keeping a tissue which, from 
its size and opacity, was necessarily examined in fragments, in a normal 
condition for any length of time. The yellow coelomic epithelium, which 
can hardly be removed without far-reaching injury, makes the study 
of the fresh intestine difficult in Lumbricus, and there is also disturbing 

Valentin. Repertorium. 
PH. XIII. 17 
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action of the muscles of the intestines. I hope that examination of other 
living organisms will one day establish what is, I grant, only an 
inference here, that the ingestion of solid particles by absorptive 
cells may be associated with such rearrangement of cell 
substance that the cilia-like processes sent out in long 
periods of hunger are withdrawn and represented by stouter 
and comparatively rigid rods. 


Up to this point, in writing of the gut of Lumbricus I have dealt 
with epithelium cells and their contents, but there are generally 
collections of substances between the cells which are both striking and 
puzzling. These have the form of complex oval masses of matter, and 
the nature of their constituents is at once variable and obscure. Among 
these constituents are amorphous clumps of proteid matter (Fig. 10 c.), 
and irregular particles. coloured yellow or orange in the fresh state and 
staining black with osmic acid, while in some cases there is a pigmented 
substance which resists the action of caustic potash. I have never 
demonstrated the presence of nuclei, and indeed if these masses are to 
be looked upon as cellular, the cells of which they are made up are 
much changed and disorganized. Fluid is present in varying amount 
(cp. Fig. 10 d with Fig. 10 b), and the actual shape of any mass is 
determined by the surrounding epithelium cells, or by the viscosity of 
some of its proper constituents. 

It will be remembered that Heidenhain figures phagocytes in the 
intestine of the guinea-pig which are unusually large and complex; 
there is at least a superficial resemblance between them and some of 
the masses which I describe. But in Lumbricus, the lack of nuclei, the 
occasional fat drops, the common occurrence of pigment, seem to me 
rather to hint at the existence of a process of material exeretion 
comparable to the discharge of pigmented refuse from the endoderm of 
Hydra, and to the expulsion of effete tissue which is described in some 
of the Polyzoa’. But in suggesting that we deal here with intercellular 
excreta, I have to acknowledge that their presence is not closely related 
to the functional condition of the gut of Lumbricus. The bright orange 
colour which is so striking in the fresh state and which corresponds to a 
black stain in osmic acid preparations may be marked at all times of 
the year, and does not apparently vary with variations in the form or 
contents of the “ciliated cells,” and, though most striking after long 
hunger, the masses of excreta are not necessarily absent from well- 


1 8. F. Harmer. Quart. Journ. Mic. Sci., Dec, 1891. 


7 — ai 
* 
* 
¢ 
i 
— 
a 
4 
* 


INTESTINAL CILIA OF LUMBRICUS. 257 


nourished specimens. Further, they may be found in the csophageal 
epithelium, and in that which lies behind the ending of the typhlosohle ; 
thus their limits are wider than those which define the occurrence of 
either ingesting or secretory cells. 

In his monograph on the Capitellidw, Eisig“ lays some stress on the 
coloration of the endoderm of members of this group. Bright yellow or 
orange drops, colourless or orange particles in vacuoles and irregular 
green or yellow particles with no fluid surroundings lie in the substance 
of the gastric cells; and on grounds which I need not, perhaps, discuss 
here Eisig regards the last-named bodies as products of excretory 
activity, the others as forerunners of some secretion which is concerned 
with digestion. Judging from the description and the illustrative 
figures, I imagine that some of the particles in the Capitellide have 
much in common with those which in Lumbricus go to make up what 
I have called masses of excreta; but in their most developed form the 
yellow bodies seem to be clearly intercellular in Lumbricus, though 
doubtless their constituents have been at some time and in some shape 
within the cells. 


Summary. 


1. The digestion of food in Lumbricus is effected mainly by 
secretion which takes origin in the granules of unicellular glands. The 
glandular cells stand singly; they may occur throughout the length of 
the typhlosohle and over a corresponding region of the gut walls. They 
abound most in a zone which (although its limits are rather variable) 
I should place between segments 25 and 50. At any point the 
typhlosohle is more conspicuously glandular than are the walls of the 
alimentary canal. 

2. The absorption of digested food is apparently carried out by the 
cells by which the glands are surrounded. These are elongated; they 
branch internally and have not firm lateral connections. Their external 
edges (that is those turned towards the lumen of the intestine) expand 
and apparently meet over the depressed gland cells. A hyaline basal 
band is present and may be pierced by, or apparently give rise to, cilia ; 
but during the digestion of fat, any epithelium cells by which it is 
absorbed show a striated or rodded external border replacing the active 
cilia. These ingestive cells are localized in a zone-like fashion which 
recalls the distribution of the unicellular glands and are more striking 
on the typhlosohle than on the gut walls. 


1 Eisig. Fauna u. Flora. G. v. Neapel, Monographie xv1. 
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It is less easy to establish any connection between the absorption of 
matters in solution and structural change in the epithelium cells, but it 
may be mentioned that cilia are absent at times from the greater part 
of the typhlosohle, that is, from an area much larger than that over 
which the ingestion of fat extends. 

3. It appears possible that there is a certain excretion of solid 
matter into the cavity of the gut of Lumbricus, The matter in 
question is gathered into masses below or between the epithelium 
cells, and the fact that these accumulations vary in solidity, in reactions 
and in pigmentation may perhaps point to the occurrence of some final 
metabolic process while they are yet between the intestinal cells. 


Traces of the structural characters of the gut of simpler organisms 
and indications of those modifications which are peculiar to higher 
forms would thus seem to mark the intestinal epithelium of Lumbri- 
cus and to give it a certain interest. I think there is added interest 
in the association of obvious motility with the condition of hunger, 
an association which recalls the statement that the flagella of Hydra’s 
endoderm cells are retracted during digestion. 


CaMBRIDGE, 
August, 1891. 


DESCRIPTION OF PLATE IX. 
In all the figures 
g.c. = gland cell. 
i. e. = ciliated cell. 
a.c. = wall of alimentary canal. 
typ. = typhlosohle. 
y.c. = yellow cells of celomic epithelium (chloragoge Zellen). 
mf. = muscular fibres. 
nuc, = nucleus. 
gram, = secretory granules. 
Jig. = ingested particles of fat. 
ex, = masses of substance, possibly excretory in nature, found 
especially in long hunger. 

Fig. 1. Transverse section through the gut of Lumbricus at a point 
where the typhlosohle is complex. The figure is quite diagrammatic and is 
merely intended to show the general relations of the lining epithelium and 
the presence and distribution of yellow cells. 

Fig. 2. (In this figure and in the following figures, unless special state- 
ments are made, the magnification was that effected by Zeiss, Oc. 3, Obj. F.) 
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Gland cell holding secretory granules and showing basal homogeneous 
substance (hardened). 

Fig. 3. Gland cell, secretory granules dissolved. 

Fig. 4 a, ö. Taken from different regions of the walls of the alimentary 
canal of one earthworm. To show variation in the height of the cilia. 

o. To show long cilia passing out from block-like end of cells. (Hardened 
in Flemming’s fluid.) 

d. To show vacuole in ? badly-nourished ciliated cell, and division of cell 
substance into internal processes. 

e. Ciliated cell after long hunger. (d and e macerated in 30 p.c. alcohol.) 

Fig. 5. From typhlosohle, fasting worm. To show marked ciliation and 
occurrence of secretory granules in gland cells. (Corrosive sublimate prepara- 
tion.) 

Fig. 6. From well-nourished worm. To show variations in the border 
of actively ingesting cells. 

a. Gland cell and “ciliated” cell. The granules of the gland cell are not 
preserved ; the ciliated cell holds fat drops which hide the nucleus; the border 
shows coarse stris (probably rods) springing from a homogeneous band. 

5. The upper part of two neighbouring “ciliated” cells, holding fat. 

c. Isolated “ciliated” cell, the upper two-thirds seen only. Ingestion is 
less recent here; the fat is more internal and leaves the cell with a con- 
stricted neck. 

d. From walls of alimentary canal; border broken into rods. (Macerated 
in 30 p.c. alcohol; stained with osmic acid.) 

Fig. 7. Typhlosohle, for contrast with Fig. 5. (Flemming’s fluid.) 

Fig. 8. Wall of alimentary canal, fresh state; to show ready extru- 
sion of bladders under pressure. Figs. 7 and 8 are from the same earthworm. 

Fig. 9. Section taken at right angles to the long axis of the epithelium 
cells. To show abundant granules of gland cells, and indistinctness of 
outlines of the cells among which they lie. (Hardened, osmic vapour.) 

Fig. 10 a. Corrosive sublimate preparation from starving animal; some 
shrinking. The condition is probably pathological; large solid masses, 
probably the result of cell fusion, push aside the columnar cells of the 
epithelium. 

5. (Oc. 3. Zeiss. Obj. Pr immers. Powell and Lealand.) To show 
complex character of excretory masses and possibility of large admixture of 
fluid. 

c. To show excretory mass in the form of amorphous lumps of proteid 
without distinctly included vacuoles, or common boundary. Portions of two 
epithelium cells shown. 

d. To show excretory mass in very usual form. It is intercellular and 
contains particles which stain black with osmic acid. 
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ON A LARGE-FIBRED SENSORY SUPPLY OF THE. 
THORACIC AND ABDOMINAL VISCERA. By F. H. 
EDGEWORTH, M.B. Cantab., B.Sc. London. Honorary Patho- 
logist to the Bristol Royal Infirmary. (Plate X.) 


In Gaskell’s paper “On the structure, distribution, and function of the 
nerves which innervate the visceral and vascular systems the following 
sentences occur—“ In the white ramus communicans of the 3rd thoracic 
nerve...we see that almost all the fibres are medullated of the very 
finest size, with a few larger medullated fibres and a small amount of 
non-medullated. In the third lumbar almost all the fibres are non- 
medullated, a few large medullated are scattered here and there, no 
groups of fine medullated are to be found.” “An examination of the 
structure of the splanchnic nerves shews that they are composed 
mainly of medullated fibres...the medullated fibres all belong to the 
group of smallest fibres with the exception of a few isolated larger ones. 
Of the three components of the splanchnics the non-medullated nerve 
fibres alone can be traced into the ganglia of the lateral chain, both 
large and fine medullated pass direct from the nerve roots to the 
collateral ganglia.” An enormous number of non-medullated fibres 
streams out from the large ganglia” (semilunar) “to the stomach, 
intestines, liver, kidney, spleen etc. in the midst of which the large 
medullated fibres of the abdominal splanchnics can be easily traced.” 

Dr Gaskell was so good as to ask me to investigate more fully 
these large medullated fibres he found in the sympathetic system’, and 
which, he considered, were probably sensory in function. 

The following results were mostly obtained in the laboratory of 
Prof. Ellenberger, of the Thierarztliche Hochschule in Dresden, to 
whose kindness in giving me a place in his laboratory and providing me 


This Journal, Vol. vu. p. 1. 
* They are figured in Op. cit. Plate II. figs. 8 and 9. 
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with materials and everything needed I am much indebted. In 
obtaining them I have been constantly aided by the suggestions of 
Dr Gaskell, to whom I owe my best thanks. 

In the following pages only the histological characters of the nerves 
investigated will be described, except when dealing with the upper end 
of the lateral sympathetic chain where one or two constant differences 
have been found from the description given by Ellenberger and 
Baum in their “Anatomie des Hundes”’. The reader will find in 
Plate X. a diagrammatic sketch of the arrangement of the visceral 
nerves in the dog; it will be unnecessary to refer to this at each step. 

The nerves were cut out within a couple of hours of the death of 
the dog, stained in a 1% solution of osmic acid for 24 hours, imbedded 
in paraffin and cut in a rocking microtome—and the sections so 
obtained were examined with a Zeiss F. oc. 2, with a micrometer scale 
in the eyepiece for convenience of measuring the fibres directly. 

On examination it was found that these large medullated fibres 
found by Gaskell in the sympathetic system, had a diameter which 
varied from 72 to 9m, and that their medullary sheath was from 1°3 
to 1˙8 in thickness—they may, for convenience sake, be called large 
sympathetic fibres. Although many kinds of dogs were dissected, no 
race-variation in the size of the fibres was found. 

The vagus nerve was found to consist, at the level of the diaphragm, 
mainly of non-medullated fibres, but with these were small medullated 
fibres of from 1°8 to 3°6 f in diameter (‘visceral fibres’ of Gaskell), and 
also medullated fibres of larger size, 45 to 63 in diameter, the 
medullary sheath of which was about ‘9 in thickness. The latter will 
be subsequently spoken of as large vagus fibres. 

It was found that the large medullated sympathetic fibres exist in 
the rami communicantes of the spinal nerves, from the Ist dorsal to the 
3rd lumbar inclusive ; none were found in the rami aboral to this (vide 
diagram). In the upper dorsal region the ramus communicans was 
found to consist of from two to four bundles of fibres, each bundle 
containing both small medullated and grey fibres: as the ramus of 
successively lower and lower nerves is examined there is seen to be an 
increasing separation of these constituents into distinct bundles, so that 
in the lower dorsal and upper lumbar regions the ramus is made up of 
two bundles, the one consisting almost exclusively of fine medullated 
fibres and the other of grey fibres. In the upper dorsal region the large 


1 Anatomie des Hundes, bearbeitet von Ellenberger und Baum, 1891. Berlin. Paul 
Parey. | 
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medullated sympathetic fibres are found in the majority of those 
bundles which make up the ramus communicans, whilst in the lower 
dorsal and upper lumbar regions they are found in both the grey and 
white ramus, with no preponderance in either of these. The large 
sympathetic fibres are found scattered among the other fibres in the 
nerve bundles forming the ramus, and not grouped together or isolated 
by any septa from the other fibres. And in all the nerves in which the 
large sympathetic or large vagus fibres exist this absence of grouping 
is found. 

In the uppermost dorsal rami the large sympathetic fibres are fairly 
plentiful, in the upper- and mid-dorsal rami they are somewhat fewer 
in number, whilst in the lower dorsal rami a sudden large increase 
takes place, which continues as far as the 2nd lumbar ramus—where 
the outflow practically ceases, a few however are constantly to be found 
in the 3rd lumbar ramus—whilst below this, as stated above, none 
are seen. For instance, in a small dog, the following was found— 
ist dorsal ramus had 10 large sympathetic fibres, the 2nd, 14; 3rd, 12; 
4th, 6; 5th,9; 6th, 7; 7th, 10; 8th, 12; 9th, 11; 10th, 10; 11th, 25; 
- 12th, 24; 13th, 27; lst lumbar, 23; And, 28; 3rd, 6. 

The upper end of the lateral sympathetic chain presents a few 
complications and must be described a little more in detail. To the 
ganglion stellatum run the rami of the first three dorsal nerves. As 
was pointed out by Gaskell’, the communicating branch between the 
2nd and Ist dorsal nerves (to take part in the brachial plexus), which 
consists of large medullated fibres 9—13°5m in diameter, runs for a 
certain distance with the visceral ramus of the 2nd dorsal nerve and 
then separates off to join the 1st dorsal. Usually these fibres run as an 
easily visible white trunk across the surface of the ganglion stellatum 
and then up, alongside of its ramus, to the Ist dorsal nerve—in some 
cases, however, (in 2 out of 11 dogs in which this point was examined) 
this communicating branch is not united with the 2nd dorsal ramus 
but runs directly from the 2nd to the Ist dorsal nerves. 

The ramus of the Ist dorsal nerve was always found to contain, 
in addition to grey and large sympathetic fibres, a few fine medullated 
fibres. 

From the ganglion stellatum three, sometimes four, branches run 
upwards to the cervical nerves. One branch runs upwards behind the 
neck of the Ist rib, and gives branches to the Ist dorsal, 8th and 7th 
cervical nerves: it consists mainly of grey fibres, with a few small medul- 

1 Op. cit. p. 60, and fig. 6, Plate IV. 
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lated ones, exceptionally it is also found to contain, close to the ganglion 
stellatum, one or two large sympathetic fibres; but when this is so, these 
are also found in its twig to the Ist dorsal nerve and not in the main 
branch above this: Le. occasionally one or two large fibres may go this 
way from the Ist dorsal nerve to the ganglion stellatum instead of 
taking the more usual course through the Ist dorsal ramus. Two, 
sometimes three, branches pass upwards from the ganglion stellatum 
in front of the neck of the Ist rib; one goes to the 6th, 7th and 8th 
cervical nerves, a second to the 7th and 8th, whilst a third (variable) 
branch may also go to the 7th and 8th cervical nerves. All these 
branches consist mainly of grey fibres with very few small medullated 
fibres intermingled, and no large sympathetic fibres are found in them. 
The longus colli muscle is supplied from the 6th, 7th and 8th cervical 
nerves by branches, consisting mainly of large medullated fibres 9-13°5 f 
in diameter, which pass downwards for a variable distance in association 
with those running upwards from the ganglion stellatum ; in some cases 
they separate off oral to the ganglion, in others they may pass down 
so far as to cross the (dorsal) surface of the ganglion on their way to 
the muscle. Sections, then, of the upward running branches from the 
ganglion stellatum shew marked differences according to whether these 
longus colli nerves are present or not; if they are not, the (true) branches 
from the ganglion stellatum are found to be as stated above. 

Hence it would appear that large sympathetic fibres enter the 
lateral sympathetic chain only in the rami communicantes of the Ist 
dorsal to the 3rd lumbar nerves inclusive. 

Series of consecutive sections were taken through many of the 
ganglia in the lateral sympathetic chain, and by drawing these large 
fibres in each section it was found that they pass through and neither 
branch nor have any connection with the ganglion cells—this opinion 
is confirmed by the fact that they are to be found in the nerves which 
pass distally from the lateral chain. 

The description of their distribution to the viscera may be begun at 
the oral end of the lateral chain. The large sympathetic fibres are to 
be found in the annulus of Vieussens which passes from the ganglion 
stellatum to the inferior cervical ganglion. Their number is always 
small, never more than 30 were found. They are situated in both arms 
of the annulus; as a rule, however, more pass in that arm which is 
dorsal to the subclaviau artery than in that which is ventral to it. No 
large fibres were ever found in the (variable) nervus cardiacus which 
passes directly from the ganglion stellatum to the heart. 
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It could not be accurately determined by the anatomical method 
employed, from how many of the upper dorsal rami communicantes 
large sympathetic fibres pass into the annulus—but certainly by far the 
larger number of those found in the first three dorsal rami, for these run 
to the ganglion stellatum, and the lateral sympathetic chain between 
this and the ganglion at its junction with the ramus of the 4th dorsal 
nerve rarely contains more than a very few large medullated fibres. 
For instance, in one case the annulus contäined 26 large fibres, the Ist 
dorsal ramus 13, the 2nd, 10, the 3rd, 4, whilst the lateral sympathetic 
chain just aboral to the ganglion stellatum contained 4 large fibres. 

Continuous sections taken through the inferior cervical ganglion 
shewed that the large sympathetic fibres pass straight through and 
have no connection with the ganglion cells there; none are found 
in the cervical sympathetic which runs upwards from the inferior 
cervical ganglion ; all the fibres run downwards—in the following way: 
some are to be found in the branches which pass from the ganglion 
to the vagus trunk; others in the cardiac branches which pass directly 
from the inferior cervical ganglion to the heart—all of these branches 
being found to consist mainly of grey fibres, with a few fine medullated 
and these large sympathetic fibres. 

To the cardiac plexus go two sets of nerves from the vagus—the 
nervus depressor which leaves the vagus sheath oral to the situation of 
the inferior cervical ganglion, and the cardiac branches which leave the 
vagus aboral to the entrance of the branches from the inferior cervical 
ganglion. The nervus depressor is found to consist, in addition to a few 
grey fibres, of medullated fibres 5-4 to 63 4 in diameter, with a sheath 
‘9 in thickness, i.e. of fibres which come under the definition of large 
vagus fibres given above. 

The cardiac branches which leave the vagus trunk aboral to the 
entrance of the branches from the inferior cervical ganglion are found 
to consist of grey fibres, fine medullated fibres, large sympathetic fibres, 
and large vagus fibres. 

The conclusion drawn from this is that, in addition to grey and fine 
medullated fibres, there go to the heart, in the first place, large 
sympathetic fibres which pass from the annulus partly directly, partly 
indirectly by way of the vagus; and secondly, large vagus fibres which 
pass to the heart partly in the nervus depressor cordis and partly in the 
rami cardiaci. 

In the pulmonary branches of the vagus there are found—grey 
fibres, fine medullated fibres, fibres of the size termed large vagus fibres, 
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and a few fibres of the same size and thickness of medullary sheath as 
the large sympathetic fibres. (There are also to be found in the 
pulmonary nerves medullated fibres other than the above, which appear 
to fall into two groups—smallish fibres with a thick medullary sheath, 
5˙4 to 72 in diameter, sheath 13 to 18 thick, and large fibres with a 
thin medullary sheath, 8-1 to 108, in diameter, sheath 9 ½ thick. 
These fibres have not been further investigated as of all the thoracic 
and abdominal viscera they are only found in the pulmonary nerves, 
they are possibly the augmentor and inhibitory respiratory fibres). 
The fibres, of the same size and thickness of sheath as the large 
sympathetic fibres, found in the pulmonary nerves are not found in the 
vagus trunk below this (vide structure of the vagus nerve at diaphragm 
stated at beginning of paper) nor are they found in it above the 
entrance of the branches from the inferior cervical ganglion to the 
vagus—hence it is concluded that they come from the annulus of 
Vieussens. 

Hence it is concluded that there go to the lungs; firstly, large sympa- 
thetic fibres which pass from the annulus to the vagus, down the vagus 
and then to. the lung to its pulmonary branches; secondly, large 
vagus fibres. 

We may next take the branches of the vagus and of the lateral 
sympathetic chain in the abdomen, and of these first the splanchnics ; 
in the dog there are four splanchnic nerves—the nervus splanchnicus 
major and three nervi splanchnici minores—the large sympathetic nerve 
fibres are found in all these, most in the great splanchnic nerve, fewer 
in the lesser splanchnics. Thus in one dog, there were found 50 in the 
great splanchnic, 15 in the Ist, 12 in the 2nd and 14 in the 3rd of the 
lesser splanchnics. These nerves go to the ‘collateral’ ganglia of 
Gaskell—the coeliac, superior and inferior mesenteric ganglia’, from 
which branches go to the various organs. To these ganglia go also 
numerous nerve trunks from the vagi, mostly from their dorsal branch. 
Series of consecutive sections taken through these ganglia shew no 
evidence of either the large vagus or large sympathetic fibres having 
any connection with the ganglion cells there—this is confirmed by 
finding them in the nerves distal to the ganglia—hence it is concluded 
that they pass straight through. 

The renal nerves, which arise partly directly from the third of the 
lesser splanchnics, partly indirectly from the inferior mesenteric 


1 For exact description vide Ellenberger and Baum, op, cit. 
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ganglion, are found on section to contain numerous grey fibres, many 
small medullated fibres, and some large sympathetic fibres, but no 
large vagus fibres. The nerves of the suprarenal body which have an 
origin similar to that of the renal nerves are found to consist of grey 
and small medullated fibres with a few large sympathetic fibres but 
no large vagus fibres—these nerves are very fine and their constituent 
fibres are correspondingly few in number. 

The liver and gall bladder are supplied by the hepatic nerves, 
from the gastric plexus of the vagus to which have come sympa- 
thetic fibres from the cceliac plexus, which are found to consist for the 
most part of grey fibres, of fine medullated fibres, of large sympathetic 
fibres and of large vagus fibres—the two last constituents in very small 
numbers. 

The splenic nerves which arise from the coeliac plexus are found to 
consist mostly of grey fibres, with some fine medullated fibres, and a 
few large vagus fibres and large sympathetic fibres. 

The nerves going to the pancreas are found to consist of the same 
elements as do the hepatic and splenic nerves. 

The nerves which supply the stomach arise from the gastric plexus 
of the vagi into which have come splanchnic nerve elements from the 
coeliac plexus—they are found to consist of grey fibres, small medullated 
fibres, large vagus fibres, and large sympathetic fibres. The nerves 
supplying the small intestine arise from the celiac and mesenteric 
plexuses and are found to consist of the same elements as do the 
gastric nerves. 

The spermatic nerves, supplying the spermatic cord and testis, arising 
from the lateral sympathetic chain just aboral to the origin of the 3rd 
of the lesser splanchnic nerves, are found to consist of grey, small 
medullated and large sympathetic fibres. In the female the corre- 
sponding ovarian nerves which supply the ovary and uterine horn are 
found to be exactly similar to the spermatic nerves in the male. 

The abdominal viscera, then, may be divided into two sets; the 
first — consisting of the suprarenal, kidney and testes (ovary and uterine 
horn in the female)—to which only large sympathetic fibres go; and a 
second set—consisting of the stomach and small intestine, with spleen, 
liver and pancreas—to which go both large vagus fibres as well as large 
sympathetic fibres. 

The pelvic viscera have a double nerve supply, from the hypogastric 
and sacral nerves. 

Although no large sympathetic fibres run into the lateral chain 
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aboral to those in the ramus communicans of the 3rd lumbar nerve, 
yet, if sections be cut of the lateral chain it is seen to contain them 
aboral to this point—it is found however that their number steadily 
diminishes as sections are taken lower and lower down, and none are 
found in it aboral to the 6th lumbar ramus—this is due to the fact that 
they pass distally in the nerves which leave the lateral chain aboral to 
the 3rd lesser splanchnic nerves, i.e. in those which go to the spermatic 
plexus, and in those branches which join the hypogastric nerve. 

The hypogastric nerve takes origin, partly by these branches from 
the lateral sympathetic chain, partly by branches which arise from the 
inferior mesenteric ganglion—it is found to consist of grey fibres, small 
medullated fibres and large sympathetic fibres—no large vagus fibres 
are present. 

The other source of innervation of the pelvic viscera is certain 
sacral nerves—those which are named the ‘pelvic splanchnics’ by 
Gaskell. A branch from the 7th lumbar nerve joins a branch from 
the Ist sacral, and the nerve so formed joins a branch from the 3rd 
sacral, to form a nerve trunk, called by Ellenberger and Baum the 
nervus pudendus communis, which anastomoses with the hypogastric 
nerve forming the hypogastric plexus. 

All these roots of the nervus pudendus communis consist mainly, 
as Gaskell has shewn, of small medullated fibres, of the same size 
1:8—3°6 ½ as those in the vagus and sympathetic; but they also con- 
tain large medullated fibres of precisely the same diameter, 7 2—9 yu, 
and thickness of medullary sheath, 13—1°8 f, as those found in the 
sympathetic system and its branches. These large medullated fibres are 
found in increasing numbers in the above named roots from above 
downwards. Thus, in one case, the branch from the 7th lumbar 
contained 6; that from the Ist sacral 14, and that from the 2nd sacral 
27. The hypogastric nerve is generally found to contain about one 
third as many of these large sympathetic fibres as does the nervus 
pudendus communis, e.g. in one dog the numbers were 10 and 31, in 
another 13 and 41. 

Series of sections taken through ganglia in the hypogastric plexus 
shewed, as in all the other ganglia, no evidence of any connection of 
these large medullated fibres with the cells in them, and similarly 
too, they are found in the nerve branches going distally from the 
plexus. 

From the hypogastric plexus go the following nerves; (a) to 
Wilson's muscle and prostate; (b) nervus hæmorrhoidalis medius to 
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rectum ; (e) nervus dorsalis penis; (d) to anal glands. On section in all 
these nerves were found grey fibres, small medullated fibres, and large 
sympathetic fibres, the last were especially abundant in the nervus 
dorsalis penis; e.g. in one case 18 were found. 

In the female the first and third of these nerves is replaced by 
nerves going to the uterus, vagina and nervus dorsalis clitoris; in these 
were also found grey fibres, small medullated fibres and large sympa- 
thetic fibres—the latter relatively abundant in the nerves going to the 
vagina and clitoris. 

The nervus hemorrhoidalis posterior arises from the 7th and Ist 
(sometimes Ist and 2nd) sacral nerves and divides into two branches, the 
nervus vesicularis which passes to the bladder there anastomosing with 
the branches from the hypogastric, and the nervus hemorrhoidalis which 
runs aborally to the rectum. Each of these nerves was found to consist 
of small medullated fibres with a few large medullated. From the 
branches on the bladder a little twig goes to the ureter, this was found 
to contain a few large medullated fibres. 

It would appear then that the pelvic viscera have a double supply 
of large medullated fibres, one coming directly from the sacral nerves, 
the other indirectly through the hypogastric from the lower dorsal and 
upper lumbar nerves. It could not be determined by this anatomical 
method, owing to the identity, in size and thickness of medullary sheath, 
of the large fibres in the hypogastric and sacral nerves, whether the 
large fibres found in any particular nerve of the hypogastric plexus, e.g. 
dorsalis penis, came solely from the hypogastric, or solely from the sacral 
nerves, or from both—the latter supposition is the most probable one 
from analogy with the motor fibres. 

The next point to consider is the origin and function of these large 
medullated fibres found in the sympathetic system. 

By making series of continuous sections upwards from the ramus 
communicans it was found possible to trace up these large fibres into 
the ventral branch of the nerve, past the exit of the dorsal branch, into 
the posterior root of the nerve—none were found going into the 
anterior root. This was possible owing to the fact that the large fibres 
though scattered through the ramus yet gather together into a little 
group as they enter (i.e. as they are traced upward) the spinal nerve, 
and exist as such for some little way up—owing however to their 
gradually becoming mixed with other large fibres in the posterior root 
it could not be determined whether they had any connection with the 
posterior root ganglion. 
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However, from the well known results of degeneration on cutting 
the posterior root proximally and distally to the ganglion, and from the 
results of its stimulation, it may be concluded that these large medul- 
lated fibres are sensory in function and that they are probably con- 
nected with the cells in the posterior root ganglion. 

This was confirmed by examination of the nerve supply of the 
Pacinian corpuscles found in the mesentery of the cat—following out a 
suggestion of Gaskell’s. Section of the splanchnic nerves in this 
animal shewed precisely the same constituents as in the dog—small 
medullated fibres, grey fibres, large medullated fibres (of average 
diameter 63 ). A series . were then taken at right angles 
to the long axis of a Pacinian corpuscle, and continued backward so as 
to cut the supplying nerve fibre which was found to be of exactly the 
same size as the large medullated fibres found in the splanchnic. Hence 
it may be concluded that the large medullated fibres found in the 
sympathetic, and probably also those in the sacral splanchnics, are 
sensory in function. 

Next as to the large medullated fibres (of diameter 4°5 to 6:3 f, with 
a medullary sheath, 9 u thick) found in the vagus—the depressor nerve 
consists solely of afferent fibres—and, as stated above, these are found 
to be of this size and thickness of sheath. Hence it may be concluded 
that these large vagus fibres are also sensory in function. 

The above researches, then, may be summed up as follows—Both 
the large vagus and large sympathetic fibres have no connection with 
ganglia (other than the posterior root ganglia) they run to the organ 
they supply as such. The heart and lungs have a double large-fibred 
sensory nerve supply, from the vagus, and from the upper dorsal nerves. ° 
The stomach and small intestine, with the liver, spleen and pancreas 
have a double large-fibred nerve supply, from the vagus and from the 
mid- and lower-dorsal and upper lumbar nerves. The suprarenal, 
kidney, testis (ovary and uterine horn in the female) have a single 
large-fibred sensory nerve supply from the mid- and lower-dorsal and 
upper lumbar nerves. The pelvic viscera—rectum, bladder, prostate, 
penis (uterus and vagina in the female) —have a double large-fibred 
sensory supply, from the sacral region of the cord, and from the lower 
dorsal and upper lumbar region through the hypogastric. 

On comparing these conclusions as to a large-fibred sensory nerve 
supply of the viscera with the motor nerve supply (vide Gaskell’s 
paper) it is obvious that there are striking resemblances and 
differences. 
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In the first place the large - fibred sensory supply“ is much more 
meagre than the motor nerve supply. : 

Secondly, this large-fibred sensory supply is, exactly as the motor 
supply, for the most part a double one, from two regions of the central 
nervous system. 

Thirdly, the limits of origin and paths to the viscera are identical. 

Fourthly, these large-fibred afferent fibres resemble the inhibitory 
motor nerves in passing to the organ they supply as such, having no 


‘connection with the lateral or collateral ganglia. 


Lastly, these investigations tend to shew that the statement of 
Gaskell’s, that “it may be possible in all cases to connect together 


the size of the nerve fibre with the nature of the tissue which it 


supplies,” is true not only of motor but also of sensory nerve fibres. 


It is obvious that much more research is necessary to complete and 
confirm the above preliminary statements. Thus degeneration methods 
must be employed to determine whether the large sympathetic sensory 
fibres have any connection with the ganglion cells on the posterior 
roots; again, to determine whether the fibres found in any one branch 
of the hypogastric plexus come partly from the hypogastric and partly 
from the sacral nerves, or from only one of these two sources. Also, it 
will be necessary to see whether the sensory supply of the fore part of 
the alimentary canal has any resemblance to that here described for the 
stomach and intestines. With regard to the last question it may be 
remarked that sections of the cesophageal branch of the superior laryngeal 
nerve, which Howell and Huber“ have shewn to be purely sensory in 
function, shew that it consists exclusively of fibres having the same 
diameter and thickness of medullary sheath as the sensory sympathetic 
fibres described above. Further investigations, recently begun, will, it 
is hoped, throw more light on these and other related questions. 

With regard to the central connections of the sensory sympathetic 


fibres, it is clear that their limits of origin from the spinal cord, and 


their quantitative distribution within these limits, bear a striking 
resemblance to that of the cells of Clarke's column, as determined by 


Probably this is not the whole of the sensory supply of the viscera, for Gaskell has 
shewn that some of the fine medullated fibres in the rami communicantes can be traced 
into the posterior roots. 


Physiology of the communicating branch between the superior and inferior laryngeal 
nerves.” This Journal, Vol. xu. p. 5. 
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Mott’, so that I am inclined to put forward the theory that possibly 
the cells of this column are the central terminations of these fibres, 
thus restricting Mott’s view that the cells of Clarke’s column are 
connected with afferent fibres to a special set. This view would give 
a new meaning to the functions of the direct cerebellar tract. 

A few words may perhaps be said as to the clinical bearing of these 
results. They afford some evidence of the paths by which afferent 
impulses from the viscera reach the central nervous system. They 
hence aid us in attempting to explain the mechanism of those visceral 
pains which are not due to lesions of the parietal layer of peritoneum 
(or pleura or pericardium). Also they support the theory put forward 
by Ross“ that referred visceral pains are referred primarily to the area 
of distribution of those sensory somatic fibres taking origin from the 
same spinal segment as the visceral sensory fibres. 


Journal of Anatomy and Physiology, Vol. xx. 
2 « On the segmental distribution of Sensory Disorders.” Brain, Vol. x. p. 388. 
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THE NATURE OF COBRA POISON. By A. A. KANTHACK, 
John Incas Walker Student in Pathology, Cambridge University. 


PART I. 


Ir has been known for some time past that the active principle of cobra 
poison is an albumose. But, so far as I am aware, no systematic inves- 
tigation of this albumose has ever been made. A good opportunity 
having offered itself, I began the following experiments, applying the 
methods which were so successful in the hands of Dr Martin and 
Mr Hankin, to separate the poisonous substance of the snake-poison. 
The latter was obtained directly from the snake by applying 
pressure to the head and thus squeezing the poison out of the glands. 
By alternately pressing first one side and then the other, both glands 
may be emptied separately. The first drop was always rejected, so as 
to avoid the poison which had stagnated in the ducts. The snakes were 
fresh and active and brought up to the laboratory immediately they 
were caught; for it is believed that captivity materially lessens the 
secretion and toxicity of the poison. The black variety of Naja Tripu- 
dians was used, and other varieties have not been employed. I need 
not remark, that in these matters I was assisted by a native snake 
charmer whom I took into my service. 
The poison is a “clear, transparent fluid varying in colour from 
a yellow or straw tint to complete colourlessness’.” According to Wall 
it has an acid reaction. I found, however, that if the first flow be 
carefully avoided and rejected, the reaction is neutral or faintly 
alkaline. It is very viscid and soon dries, “leaving a yellow substance, 
easily pulverizable, resembling gum arabic or dried egg albumen, 


behind*.” It gives a beautiful biuret reaction, and with nitric acid a 


1 A. J. Wall. Indian Snake Poisons. Chap. v. b 
2 A. J, Wall, loc, eit. 
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precipitate, almost wholly soluble on heating and reprecipitated on 
cooling, showing the presence of other proteids besides albumoses. On 
dialysis a portion of the toxic albumoses passes through the membrane, 
but very slowly. Prolonged boiling destroys the activity of the poison, 
but this will be more fully discussed at another place. 


Preparation of the Albwmose. 


The first step was to prepare the albumose in a pure state and to 
enquire whether one or more albumoses were present. For ‘this 
purpose four methods were used. | 

(1) Martin’s method’. The poison was slightly diluted with steri- 
lised water and then thrown into a large excess of alcohol, and allowed 
to stand for a week. The alcohol was separated off and the white 
precipitate washed with absolute alcohol, dissolved in sterilised dis- 
tilled water and once more precipitated by alcohol. The resulting pre- 
cipitate was allowed to stand under alcohol for a week, then washed 
with alcohol and dissolved in water, to which a little thymol had been 
added to prevent putrefaction. The solution was found to contain no 
other proteids besides albumose. 

(2) Hankin’s method*. The solution of cobra poison was saturated 
with neutral ammonium sulphate and the mixture allowed to stand for 
several days. The white precipitate was dissolved in water and 
dialysed, until all trace of the salt had disappeared. The solution was 
then concentrated by dialysis against absolute alcohol and subsequently 
poured into a large excess of alcohol and treated as under (1). 

(3) As Wall“ has shown, that cobra poison is destroyed by 
prolonged boiling only, the albumin was almost entirely got rid of by 
momentary boiling and filtering. The filtrate was precipitated by 
"ammonium sulphate and treated according to Hankin’s method. 

(4) The solution of cobra poison was placed into a dialyser, thymol 
having been added to the water to counteract decomposition, and after 
ten days most of the albumose had passed through. The solution was 
concentrated by dialysing against absolute alcohol and then a large 
excess of alcohol added. The precipitate which resulted was treated as 
under (1). Of these four methods Martin’s is the safest and quickest, 
and also gives the greatest quantity of albumose. 


1 XIX. Annual Report of Local Government Board. 1889-90, p. 238. 
2 Brit, Med. Journ. July 12, 1890. 3 Op. cit. 
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Nature of the Albumose. 


(a) The fresh proteid precipitate, whether obtained by the addition 
of absolute alcohol or ammonium sulphate, is amorphous and white, but 
when dried slowly, it forms a translucent colourless mass. 

(6) Its solution is colourless or slightly opalescent, and neutral or 
alkaline to litmus-paper. 

(c) It is very soluble in water, and quite insoluble in alcohol. 

(d) It gives a brilliant biuret reaction with caustic potash and a 
trace of cupric sulphate. 

(e) Nitric acid gives a precipitate, soluble on heating, and coming 
down on cooling, if the solution is of sufficient concentration. With 
dilute solutions a precipitate is not obtained until a trace of sodium 
chloride has been added. N 

(f) Picric acid gives a precipitate, dissolved on heating, but 
coming down again on cooling. 

(g) Boiling produces no physical changes. 

(h) Saturation with ammonium sulphate gives a precipitate. 
Letting the fluid stand for forty-eight hours and filtering off the pre- 
cipitate, the clear filtrate gives no biuret reaction, while a solution of 
the white precipitate reacts beautifully. On adding acetic acid to 
the filtrate no precipitate is obtained after the further addition of 
ammonium sulphate. 

(i) Saturation with sodium chloride causes a precipitate. The 
filtrate gives no biuret reaction, nor a precipitate on the addition of 
acetic or nitric acid. 

(k) The solution gives the ordinary proteid reactions, the colour 
with Millon’s reagent being less bright, and more of a pinkish yellowish 
hue. 

From these reactions there can be no doubt, that the substance in 
question is an albumose, and that only one, viz. a primary albumose, 


is present. 
Does Cobra poison contain an alkaloid ? 


The next point to settle was whether besides the proto-albumose 
the poison contains an alkaloid. The best procedure is to dry the fresh 
poison at 40°, powder it carefully and extract it with alcohol (95%. 
The powdered dried poison was put into a test-tube and by means of a 
mechanical contrivance shaken, more or less uninterruptedly, for forty- 
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eight hours. Then the mixture was filtered, and the filtrate, which gave 
no biuret reaction, evaporated to dryness at 40˙ C., and the slight 
residue redissolved in alcohol (95 % This was repeated two or three 
times, so as to remove as much of the proteid as possible. The final 
solution in alcohol gave none of the albumose reactions and with 
platinic chloride a turbidity and slight precipitate, which was very 
light and on filtering completely absorbed by the filter-paper, so that no 
further examination could be made. Other tests for alkaloids were not 
performed, partly because it was impossible in Simla to procure the 
necessary reagents, partly because the animal experiments with this 
substance proved to be negative, as will be shown below. Altogether 
I am inclined to deny with Norris Wolfenden’* the presence of an 
alkaloid. 


Physiological Action of the Albumose. 


The effect of cobra poison is so well known, that I need not dwell 
on it here. Experimenting with the albumose it was found that 

(1) A solution of the same acted in exactly the same manner as 
the natural poison ; 


Amount injected. Site of injection. Result. 

(1) Min. iii. of a solution peritoneal cavity died in 
of albumose of rabbit 15 min. 

: died in 

(2) ditto ditto 20 min. 
died in 

(3) ditto ditto 30 min. 
: subcutaneous tissue | died in 

(4) 4 of a rabbit 60 min. 
3 died in 

(5) ditto ditto 70 min. 
(6) Min. iii. of natural peritoneal cavity died in 
poison (diluted) of rabbit 30 min. 
subcutaneous tissue | died in 

(7) . of a rabbit 90 min. 


1 R. N. Wolfenden. This Journal, Vol. vn. 
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(2) injected into the peritoneal cavity of rabbits it acted much 
more rapidly than when injected subcutaneously. 

Thus three minims of a solution of the albumose injected into the 
peritoneal cavity of three rabits, killed them respectively in 15, 20 and 

30 minutes, while injected subcutaneously into two rabbits, it did not 
kill them in less than from 60 to 70 minutes. The same result was 
obtained with the natural poison. A dilute solution of poison was made 
and three minims injected subcutaneously into a white rabbit which 
died in 90 minutes, while three minims injected into the peritoneal 
cavity of a rabbit killed it in 30 minutes. 

The most noticeable fact was, that on injecting the poison or 
albumose into the peritoneal cavity paralysis of the extremities, 
especially the hind legs, set in with great rapidity, while on injecting 
the poison or albumose subcutaneously, these symptoms seldom 
appeared, the animal simply dying of asphyxia. 

(3) The accumulative action of the poison or albumose is well 
marked. A weak. solution of cobra poison was made by adding a 
solution of thymol (1che) to it. Eight minims had no effect on a 
rabbit, when injected subcutaneously at one sitting. A rabbit was 
taken and on the first day two minims were injected, on the second day 
four minims, on the third day six minims and on the fourth day eight 
minims, when the animal died after eight hours. To another rabbit 
eight minims were given and after twenty-four hours again eight 
minims, and it died in five hours. Lastly two and a-half minims were 
injected into the subcutaneous tissue of a fowl, and after half an hour 
this was repeated. The fowl died 30 minutes after the second dose, or 
one hour after the first injection, while on giving five minims at one 
injection death did not occur under two hours. 

Making a solution of the albumose, it was found that four minims 
killed a fowl in 84 minutes, while if given in separate doses of two 
minims with an interval of 10 minutes, the animal died within 35 
minutes after the first injection. | 

These experiments establish, that a more toxic action is produced 
by injecting at intervals smaller doses. This has also been established 
by Sewall! with regard to rattle-snake venom. A similar fact was 
demonstrated by Martin’ with regard to the anthrax albumose. The 
difference between his albumose and the cobra albumose is, that the 
latter is extremely active, very minute doses sufficing to kill an animal 
without fail. 


1 This Journal, Vol. vu. 1 Loe. cit 
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Animal. Operation. Result. Control experiment. 
Ist day Min. ii. of dilute cobra poison well To control animal gave 
(1) Rabbit 2nd day Min, iv. 5 7 9 well Min. viii. of the same 
3rd day Min. vi. 7 ** 3 well lution at one sitting 
4th day Min. viii. „ 1 7 died in 8 hours alive and well 
To control animal gave 
(2) Rabbit Ist day Min. viii. ” ” 907 well Min. viii. of the same 
2nd day Min. viii. „ * - died in 5 hours solution atonesitting: 
alive and well 
a To control animal gave 
(3) Fowl Min. ii. 8. at 11.80 am. „ 2 died at Min. v. of the same 
Min. ii. ss. at 12 * 12.30 p. m. solution at one sitting: 
died in 2 hours 
Min. ii. ss. at 11.35 am. 1 died at } 
(4) Fowl | win. I. 88. pm. pm. of. above 


Effects of Physical Influences on Cobra Poison. 


(1) Effects of heat. It was shown by Martin that anthrax albu- 
mose boiled for twenty minutes loses its toxic properties, and Dr 
W. Hunter has demonstrated, that the action of the tuberculin 
albumose is lessened, if exposed to a temperature above 70°C. in a dry 
condition. Wall has shown “that a temperature of 100°C. has a dis- 
tinct effect in lessening the strength of cobra poison, but that a very 
great heat continued for a very long time is required to completely 
destroy the properties of a concentrated solution. Dilute solutions, 
however, are destroyed with much greater ease.” It was found, that 
concentrated solutions withstood boiling in a water-bath for one or two 
hours, before they lost their poisonous action entirely, though 40—60 
minutes sufficed to lessen it considerably. A weak solution, however, 
could be destroyed in half an hour or twenty minutes. The same 
results are obtained with a solution of the pure albumose. If the latter 
be free from any other proteid, no precipitate falls on even prolonged 
boiling, though the solution in some instances becomes slightly more 
opalescent. When, however, a solution of cobra poison is heated, it 
first becomes cloudy and then a white precipitate falls. This, of course, is 
due to the albumin contained in the poison, as it issues from the glands. 

Heat then lessens the action of the albumose, but it requires 
prolonged boiling to destroy the pure and concentrated albumose. The 
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remarkable point is, that though the poison loses its toxic properties 
after boiling for two or four hours, its solution still gives the biuret 
reaction at the end of this time. Boiling ordinary cobra poison, diluted 
with water, momentarily, and filtering, the clear filtrate is as toxic as 
before, showing that the albumin is only an impurity. Again after 
heating a solution of natural poison and filtering, acetic acid gives no 
precipitate, whether caustic potash has been previously added or not. 


Animal. Experiment. Result. Control. 


(1) Ordi Min. v. of concentrated alive Min. v. of unboiled so- 
nary | solution of albumose and lution killed a rabbit 
boiled two hours well in 50 mins. 


Min. v. of concentrated , 
(2) ditto solution of albumose do. ef. (1) 
boiled one hour 


Min. v. of concentrated died in 
(3) ditto solution of albumose : ef. (1) 
: 65 min. 

boiled up at once 


These three examples may suffice. 

(2) Diffused light has no influence on a solution of the albumose or 
the natural poison, as they may be kept for 8 weeks before a light 
window, without losing any of their deadly power. They thus differ 
materially from tetanin’. 

(3) The effect of bright sunlight could not be tried on account of 
the season of the year, and this must be reserved for a future time. 


Effect of Chemical Reagents on Cobra Poison and its Albwmose. 


Most of these experiments were performed with the natural snake- 
poison. A standard solution was made by diluting with — the 
fresh poison squeezed out of the glands. 

In this manner the result of various reagents can be better gauged, 
as the solution may be made of a certain strength, so that a certain 
number of minims kill an animal in a certain time. The solution was 
made of such strength that one minim killed a rabbit in four hours. 
To effect this, about 50 to 100 volumes of thymol must be added to one 

B. Kitasato. Zeitschr. f. Hyg. x. No. 2. 
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volume of poison, demonstrating well the extreme toxic nature of the 
albumose. 

(1) Chlorine water (freshly prepared): Cobra poison was diluted 
with chlorine water so as to contain the same percentage of poison as 
the thymol solution. Letting the mixture stand for 24 hours and 
injecting 1 minim into a rat, the animal died after 24 hours, while the 
control rat died after an hour. The remainder was allowed to stand for 
further four days, and after this interval had lost its toxic properties, as 
two and four minims injected into two rabbits respectively had no 
effect on them, and a rat remained perfectly well after so large a dose 
as four minims. 


Animal. Experiment. Result. Control. 
Min. i. of chlorine mix- 
(1) ture which had stood 
Min. iv. of chlori ix- 
(2) Ordinary | “tare which had. stood — 
6 days 
Min. ii. of chlorine mix- 
(3) Rabbit | ture which had stood | “lve and rig en 
4 days 
Min. iv. of chlorine mix- ‘ . 
< alive and died in 
(4) Rabbit a had stood well 50 min. 


Chlorine water, therefore, if allowed to act sufficiently 
long on cobra poison, destroys its poisonous action com- 
pletely. The unfiltered chlorine mixture always gave a brilliant 
biuret reaction. 

(2) Trichloride of Iodine (10 per cent.). To five minims of the 
standard solution 2c.c. of trichloride of iodine were added and the 
mixture allowed to stand for 24 hours and injected into a fowl The 
latter remained perfectly well, while a control hen died quickly. On 
account of the yellow colour due to the trichloride, the mixture was not 
tested for albumose by means of the biuret reaction. While, however, 
chlorine water causes a well-marked turbidity, the solution remains 
perfectly clear on adding the trichloride. 

(3) Carbolic Acid (10 per cent.). On adding carbolic acid to a 
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solution of the natural poison, a distinct cloudiness was observed. The 
resultant liquid was filtered, after being allowed to stand at least 24 
hours. The filtrate was harmless. The addition of carbolic acid to the 
pure albumose solution as a rule caused no turbidity or precipitate, and 
delayed the toxic power. 


Animal. Experiment. Result. Control. 


* — 


Min. iii. of a strong pure 
albumose solution mixed ied i 
(1) Fowl | with carbolic acid (10 per endend — fied in 
cent.) and allowed to stand 


48 hours poisoning) 
(2) Fowl Min. iii. of the same carbolic died in died in 


acid mixture free from acid 24 hours 30 min. 


Min. v. of natural poison 
diluted with 10 per cent. 


alive and died in 
3) Rabbit solution of carbolic acid and il ‘ 
8 allowed to stand for 48 88 min. 
hours (filtered) 


Carbolic acid thus delays the action of the poison con- 
siderably, and if the latter be not too concentrated destroys 
it altogether. It does not, however, interfere with the biuret 
reaction. 

(4) Permanganate of Potassium’ added to the standard solution of 
cobra poison destroys its toxic property after 24 to 48 hours. A brown 
precipitate appears, and the filtrate, which is almost colourless—unless 
an excess of permanganate has been added—does not give a biuret 
reaction. 

(5) Solution of Nitrate of Silver causes a precipitate, when added 
to a solution of pure albumose, and the filtrate obtained, after letting 
the mixture stand for 24 hours, is harmless. 

(6) The same result is obtained on adding a solution of corrosive 
sublimate to cobra poison and allowing the mixture to stand for 
24 to 48 hours. The filtrate injected into an animal is not toxic. 

(7) Tannic Acid was added to a solution of the pure albumose and 
the resultant mixture kept for 48 hours and then filtered. The filtrate 

a 1 Of, A. J. Wall, loc. eit. 
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was quite harmless. If, however, the solution is not filtered the lethal 
property is not destroyed, though it may be delayed. 

(8) Caustic Potash. The effect of caustic potash has been care- 
fully and accurately described by Wall His experiments have been 
repeated, the natural poison as well as the albumose being used. 

Five minims of the standard solution were mixed with eight minims 
of pure caustic potash and injected at once into a fowl: however with no 
effect. On adding four minims of acetic acid to this alkaline mixture 
the toxic properties are re-establislied, though there is some delay of 
action. Caustic soda may be employed instead of potash. “Thus 
cobra-poison mixed with a solution of potash can be injected 
into the system without producing any symptoms, but when acetic 
acid is added to this solution all the powers of the poison are 
restored.” “This change is not due to the fact that the solution is 
rendered alkaline, for it is not necessary to completely neutralize 
the alkaline mixture by acetic acid.” Wall remarks, that by adding 
ammonia to snake-poison no alteration in the symptoms is produced. 
To test this, five minims of a solution of the pure albumose were taken 
and ammonia added, and after 48 hours injected into a fowl without 
any bad effect. Taking a strong solution of natural cobra poison (three 
minims) and adding three minims of the pharmacopeial liquor 
ammoniz fortior and injecting the mixture at once into a fowl, death 
did net occur before 4 hours and 45 minutes, while without the 
ammonia a fowl died in less than an hour. My results therefore differ 
from those of Wall. Again mixing a concentrated solution of the pure 
albumose with ammonia and allowing it to stand for 48 hours and 
injecting it into a fowl, the latter died after three hours, while the 
control hen succumbed in 35 minutes. Ammonia therefore has a 
decidedly retarding influence over the active principle of cobra-poison. 
On the other hand, as Wall rightly pointed out, if the caustic alkali 
is allowed to act for a long time, from 24—48 hours, the poisonous 
power is permanently lost and not restored by acetic acid. He says: 
“the loss of power is found to be accompanied by a physical change; 
for when the solution is no longer poisonous, acetic acid fails to throw 
down any longer a white precipitate.” He argued, that the poisonous 
agent of cobra-venom is an albumin, and that the venom remains 
active, as long as it is possible to recognize the albumin by chemical 
tests. This explanation, however, cannot be correct, as there is no 
doubt whatever that the active principle is an albumose and as such 
not thrown down by acetic acid. He worked with natural poison only, 
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and as this also contains ordinary albumin, he was led to a wrong 
conclusion. Experiments were made to prove the error of his observa- 
tions. 

A solution of natural cobra-poison was heated, until no further 
precipitate appeared, and the fluid was filtered. Acetic acid caused no 
precipitate or turbidity in the clear filtrate. The filtrate was highly 
poisonous, but caustic potash counteracted the toxic effect completely. 
Adding caustic potash to the fresh filtrate and then also acetic acid, no 
precipitate appeared and yet the fluid was poisonous after the addition 
of the acid. The appearance of a precipitate with acetic acid cannot 
therefore be considered a criterion of the persistence of the activity of 
the poison. 

Likewise on adding acetic acid to a solution of the pure albumose, 
before or after the caustic potash has been mixed with it, a precipitate 
is not obtained and yet the effects are the same, that is, the alkali 
immediately destroys the toxic power, but the latter may be restored 
by acetic acid, if added before 12—24 hours have elapsed. 

A few animal experiments will now be given in illustration. 


Animal. Experiment. Result. Control. 
Min. v. of solution of cobra- 
(1) Fowl ison + Min. viii. of KOH | alive and well 
injected immediately 


(2) Fowl Ditto, but also + Min. iv. of | died in 6 hrs. and | died in 1 hour 
acetic acid 20 min. and 15 min. 


Min. x. of same solution of 


| ison + 2 c. c. of KOH al- 
(3) Rabbit wed to stand 24 hrs,; then alive and well 


added 1 c. c. of acetic acid 


Solution of albumose (Min. 
(4) Fowl v.) KOH injected imme- | alive and well 
diately 


(5) Fowl | Ditto, but also + acetic acid | died in 4 hours 


Solution of albumose (Min. 
(6) Fowl v.) KOH, allowed tostand alive and well 
45 hrs., then + acetic acid 


—ñ 
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It is very difficult to explain this action of caustic potash or soda on 
the cobra-poison, for even after having allowed the albumose to be 
acted upon by the alkali for 24 hours, the biuret reaction is still 
obtainable, and it is also present after 48 hours, though fainter. Again 
adding caustic potash to a solution of pure albumose and then also 
nitric acid, the typical reaction for proto-albumose is well marked, 
whether acetic acid has been previously added or not. 

(9) Ammonia. The effect of ammonia has already been mentioned 
above, and a few words will suffice. 


Animal. Experiment, Result. Control. 


Min. v. of solution of pure 
(1) Fowl | albumose+ammoniaandal- | alive and well died in 3 hrs. 
lowed to stand 48 hours 


Min. iii. of strong solution of died in 10 min. 
(2) Fowl natural poison + Min. xxx. | under symptoms died in 


of ammonia injected subcu- | due to the am- 35 min. 
taneously at once monia 
Min. iii. of same solution as died in 
(3) Fowl (2) + Min. iii. of ammonia | died in 5 hrs. 35 min. 
injected at once. 
Min. xxx. of ammonia with- mA . 
(4) Fowl out poison died in 10 min. 
Min. iii. of same solution as died in 
(5) Fowl (2) + Min. iii. of ammonia,| died in 3 hrs. 30 min. 
owed to stand 48 hours 


Min. iii. of same solution as 
(6) Fowl (2) + Min. xxx. of water al- died in 50 min. 
lowed to stand 48 hours 


Ammonia therefore materially lessens the toxic power of cobra- 
poison or its albumose, and if the solution be weak enough, it destroys 
it altogether. | 

(10) Acetic Acid when added to a solution of pure albumose, as 
was mentioned above, causes no precipitate, and so far as I could find 
out, also did not affect the toxicity of it. For even after allowing the 
mixture to stand, it killed a fowl in two hours; and the control animal 
also died in two hours, 
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(11) Alcohol precipitates the albumose, and it is found, that the 
filtrate is quite harmless. But if injected unfiltered, the mixture is as 
toxic as a pure solution of albumose. 

(12 and 13) Oitrio and Lactic Acids caused no change in the 
physical and toxic properties of the poison or its albumose, though the 
former seemed to delay the effect somewhat, if it be permitted to judge 
from a single experiment. For without citric acid a fowl died in 40 
minutes, while after the addition of a crystal of acid to the solution of 
the poison and allowing the solution to stand 24 hours, a hen succumbed 
after an hour and 45 minutes. 

(14) Pancreatin. Twenty minims of a solution of poison, of such 
strength that two minims would kill a rabbit in 2-4 hours, were diluted 
with 8 c.c. of sterilised distilled water and a little pancreatin (Burroughs 
and Wellcome) added to it, and the mixture kept at 40°C. for 24 
hours; 4c.c. of the filtrate injected into a rabbit were quite harmless. 
The remainder of the filtrate gave a beautiful biuret reaction and a 
precipitate with nitric acid, dissolved on heating and reprecipitated on 
cooling. To check this result three minims of a strong solution of 
poison were treated with pancreatin for 24 hours and injected subcu- 
taneously into a hen, which died after 4 hours and 30 minutes, while 
the control animal succumbed in 45 minutes. Pancreatic digestion, 
therefore, has a decided effect on the poison. 

(15) Pepsin (pharmacopeial), on the other hand, delays the effect 
of the albumose only to a slight extent. 

These chemical bodies were tried partly empirically, partly with the 
idea of deciding whether this destroying action, if such exist, was due 
to a specific effect on the albumose. The mineral acids were not tried 
as in concentrated solutions they cause a rapid decomposition and 
severe local changes. The bodies which destroy the toxicity of cobra- 
poison evidently act in two ways: (a) by precipitating the albumose, so 
that the filtrate is free from the toxic agent, (b) by causing molecular 
changes in the albumose, which, as is well known, is a highly sensitive 
body. 

A list will now be given of the bodies tried in the above experi- 
ments, arranging them according to their destructive influence over the 
poison. 
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Reagents which destroy or lessen the toxic power of cobra-poison'. 
Reagents. Effect. Remarks. 
1) Caustic des the toxic er |) on addition of 
6 Caustic soda } — 4 he acetic acid the 
“ toxic power is 
restored 


(3) Chlorine water 


(4) Trichloride of iodine 

(5) Permanganate of 
potash 

(6) Carbolie acid 


(7) Pancreatin 
(8) Nitrate of silver 


(9) 
(10) Tannic acid 

(11) Alcohol 

(12) Ammonia 


(13) Citric acid 


(14) Pepsin 


destroys the toxic power 
enough 
destroys the toxic power, 
if used strong enough 
destroys the toxic power, 
if allowed to act 24 hours 
destroys the toxic power 
of weak solutions 
destroys the toxic power 
or delays the toxic effect 
considerably 
destroys the toxic power 
by precipitating the al- 
bumose 

ditto 

ditto 

ditto 
lessens the toxic power, 
if allowed to act long 
enough 
lessens the toxic power 
somewhat 


lessens the toxic power 
slightly 


EXPERIMENTS TO ESTABLISH A PROTECTION OR CURE AGAINST 


= 


COBRA-POISON. 


A. Protection and Immunity: 


(1) By means of Tolerance. Sewall has shown,“ that it is possible 
by injection of a few minute doses to give pigeons such tolerance of 
rattle-snake venom, that three months after the treatment, they were 


1 This table should be compared with a similar one given by B. Kitasato in his 
„Experimentelle Untersuchungen über das Tetanusgift,” loc. eit. 
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able to stand what would otherwise be seven times the lethal dose.” 
It is also known, that animals may be protected against tetanus by 
means of establishing a tolerance against tetanin, which probably 
is also an albumose“. 
Animals may in like manner be accustomed to withstand large 
doses of cobra-poison. But in such experiments it is necessary to allow 
a sufficiently long interval to elapse between successive doses, as the 
accumulative effect of the cobra-albumose is well marked. This is 
clearly shown by the following experiments: 


Exrertment I. Eight minims of a solution of poison were not sufficient 
to kill a rabbit, when injected subcutaneously. But on giving it another 
eight minims after an interval of 24 hours, it died within 5 hours. 

Experiment II. Eight minims of the same solution were injected 
subcutaneously and again after a week. The rabbit remained well. This is, 
of course, not an instance of tolerance, as the dose given was, under ordinary 
circumstances, not sufficient to kill the animal. 

Again it is necessary to commence with small doses and increase 
them gradually. 

Experiment III. Of the above solution, at intervals of 24 hours, the 
following doses were injected: two minims, four minims, six minims, eight 
minims. After the last dose the rabbit died within 8 hours, 

With the experience gained by these preliminary experiments, 
three animals were prepared and accustomed to tolerate large doses. 
The whole treatment occupied ten weeks. Two rabbits and a hen were 
employed. It will suffice to give details of one case only to demon- 
strate the method employed. 


Experiments IV.— VI. (Two rabbits and a hen.) 
Days. 
1-4. A daily dose of two minims of same poison as was used in the 
above three experiments for four days. 
5 & 6. Two days’ rest. 
7-9. A daily dose of three minims of same poison for three days. 
10-13. Four days’ rest. 
14-16. A daily dose of four minims of same poison for three days. 
17-20, Four days’ rest. 
214 22. A daily dose of five minims of same poison for two days. 
23. One day’s rest. 
24. Six minims of same poison. 
25. One day’s rest. 


1 Tizzoni und Cattani, Centralbl. d. Bakteriologie und Parasitenkunde, 1891. 6. 


* 
4 
: 
4 
\ 


NATURE OF COBRA POISON. 287 


26. Six minims of same poison. 
27& 28. Two days’ rest. 

29. Twelve minims of same poison. 
30-33. Four days’ rest. 

34. Two minims of poison 11. (i.e. sufficient to kill a rabbit in 1—4 hrs.). 
35-38. Four days’ rest. 

39. Three minims of poison 11. 
40-43, Four days’ rest. 

44. Three minims of poison 11. 
45-48. Four days’ rest. 

49. Four minims of poison 11. 
50-53. Four days’ rest. 

54. Five mimims of poison 11. 
55-58, Four days’ rest. 

59. Seven minims of poison 11. 
60-63. Four days’ rest. 


69. Eight minims of poison 11. 
70-73. Four days’ rest. 
74. Twelve minims of poison 11. 
75-78. Four days’ rest. 
79. Twenty minims of poison 11. 
80-83. Four days’ rest. 
84. Twenty-five minims of poison 11. 
85-98. Two weeks’ rest. 
99. Five minims of strong cobra poison solution—less than a snake 
would inject with a bite. The animal died after a few hours. 


It is therefore impossible to establish an immunity against the bite 
of a cobra in this manner, as all the three animals, treated by the same 
method, succumbed when tested with a strong solution of poison. 
They can however be accustomed to resist large doses, for all the 
control animals succumbed to poison IL. 

(2) By means of Cobra-Blood or Serum. Waddell’ has shown 
that a cobra is unaffected by its own poison. Judging from the 
successes of Behring and Kitasato, Hankin and others, it was 
thought just possible that in the previous treatment with cobra- 
serum a protection against the venom might be found. The results 
of all experiments, however, were negative, whether the serum 
was given simultaneously with, or some time before, the poison. 


1 I. A. Waddell, Scientific Memoirs by Med. Officer of the Army of India, 1890. rv. 
PH. XIII. | 19 


64. Eight minims of poison 11. 
65-68. Four days’ rest. | 
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The following experiments will elucidate this. 

Experiment VII. A small quantity of a solution of poison was mixed 
with 10¢.c. of fresh cobra - blood and injected into a white rat: it died in 
37 minutes: the control animal died in 55 minutes. 

Experiment VIII. 10c.c. of cobra-serum were injected into a rabbit 
and 24 hours later ten minims of the same poison, as used in the previous 
experiment, injected subcutaneously; it died in 45 minutes: the control 
animal died in 45 minutes. 

Exprertmment IX. To another rabbit 5c.c. of serum were given in daily 
injections for three days, and on the fourth day twelve minims of poison 1. ; 
it died in 4 hours 30 minutes: the control animal died in 6 hours. 

Experiment X. Another rabbit was prepared in the same manner as in 
the previous experiment, and after 48 hours two minims of poison 11. injected 
subcutaneously ; it died in one hour: the control animals died in 2—4 hours. 

Experiment XI. A rabbit was prepared in the same manner and after 
24 hours one minim of poison 11. injected ; it died in 4} hours: the control 
animal also died in 4} hours. 

Expermment XII. is a repetition of the last one, with the difference that 
a rest of 48 hours was given. The result was the same. 


This treatment, therefore, holds out no hope for success, as it does 
not even prolong life. 

Kitasato has shown that the toxic powers of tetanin may be 
modified and destroyed by mixing it with the serum of an immunized 
animal. Similar experiments were made with cobra poison and serum, 
but the result must be regarded as negative. Four experiments were 


Experiment. | Proportions of serum and poison. Result. Control. 


XIII 5 c. c. of serum + Min. xv. of | died in died in 
’ poison a 12 hours 6 hours 


XIV. 5 c.c. of serum + Min. iv. of died in died in 


poison 5 24 hours 50 min. 
xv 5 c.c. of serum + Min. i. of | alive and died in 
5 poison 11 well 5—34 hours 


poison 11 4} hours 1— 23 hours 


9 c.c. of serum + Min. ii. of died in died in 
XVI. 
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made, and in each the mixture allowed to stand 24 hours before being 
injected into a rabbit. 

At first sight it appears that the serum actually has an appreciable 
influence over the toxic power of cobra poison. It was, therefore, 
necessary to test, whether or no this effect is due to so great a dilution, 
as the addition of 5—9 c. c. of serum to a few minims implies. There can 
be no doubt, from the following experiments, that the above results are 
not due to any inherent power of the serum; for with plain water the 
same delay in the action of the poison may be obtained. 


Experiment. | Proportions of water and poison. Result. Control. 


10 c.c. of water + Min. ii. of : died in 
XVII. poison 11 survived 1-21 hours 


5 c.c. of water + Min. iii. ss died in died in 
un of poison 11 3 hours 1 hour 


XIX. 5 c.c. of water + Min. iii. of died in died in 
strong poison lhour | 30 minutes 


8) Effect of Blood of an Iguana (Varanus Bengalensis or 
V. salvator) on Cobra Poison. 


The native snake-charmer having asserted that some species of 
Varanus, (vernacular Goh), are not affected by cobra poison, three such 
animals were procured. As their cuticle is impenetrable to the fangs 
of a snake, I regarded the statement with scepticism. The Gohs“ 
were in a starved condition, not having had any food for twelve days 
when given to me, and up to the hour of death they refused any food. 
Ten minims of undiluted poison, freshly extracted from a cobra, were 
injected into the peritoneal cavity of a large “Goh.” After two hours 
it was sleepy and lazy, but did not die until the fourth day, having 
starved all the time. To another “Goh,” a young and small animal, 
half dead from hunger, twelve minims of a slightly diluted solution 
of the same poison were given, and it did not die before 20 hours had 
elapsed. It never presented any signs of asphyxia or dyspnea and 
apparently died from hunger and cold. Three minims of the same 
diluted solution killed a fowl in thirty minutes. Without claiming 
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that the “Goh” is resistent against cobra poison, it may be asserted 
in all fairness, that it is considerably less susceptible to it than the 
warm-blooded animals experimented on, and it therefore seemed worth 
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while to investigate the influence of this animal’s blood on the poison. 


n Method employed. Result. | Control. 
Min. iii. of poison | injected immediately, | died 
| of fresh | without allowing the | after | tied in 
Goh’s blood mixture to stand 28 hours 
XXI died 
2 c. c. of glycerin .. ‘ ied in | died in 
Fowl | extract of Goh’s | ected immediately | 95 min. 35 min. 
blood 
Min. ix. of poi 
XXII. Pena | injected after allowing died in died 
Fowl e are it to stand 24 hours I hour | quickly 


It seems from these experiments, that the blood of the “Goh” has 
some positive influence, especially if it be remembered that three 
minims of the poison used, diluted with 5 c.c. of water, killed a fowl in 
50 minutes. The number of experiments, however, is hardly sufficient 
to allow us to speak with certainty, and an opportunity did not offer 
itself of repeating the experiments. The following experiments do not 


throw much light on this question :— 


Animal. Experiment. Result. Control. 
5 c. o. of Goh’s blood into (a) died after an 
XXIII. | peritoneal cavity, and 28 died after 2 | hour and 10 min. 
Rabbit | hours later Min. iii. of the 1g min. (5) died after 30 
same poison min. 
5 c. c. of Goh’s blood into 
XXIV. ritoneal cavity and 48 | died after an died in 15 to 
Rabbit ours later Min. v. of the hour 20 min. 
same poison 
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These experiments are nevertheless suggestive enough to de 
repetition. 

(4) As might be anticipated, a previous injection of cobra poiso 
boiled, until its toxic power was destroyed, was of no avail and 
conferred no protection on the animal. 

(5) Trichloride of Iodine, though it destroyed the poison outside 
the body, was of no use in establishing a tolerance by means of previous 
injections into the peritoneal cavity. It was also tried as a cure. 


EXPERIMENT XXV. Three minims of poison 11. were injected subcuta- 
neously into a fowl at 12.30 p.m., and immediately afterwards, over the site of 
injection, 2¢.c. of trichloride of iodine. At 1 and 1.45 p.m. the trichloride 
injections were repeated. The hen died at 4 p.m. 


As a cure, therefore, this substance is a decided failure, but it 
undoubtedly delays the action of the poison, as three minims of the 
same poison killed rabbits in about an hour. 

(6) It is needless to remark, that all the substances which outside 
the body lessened or destroyed the activity of the albumose, were tried 
both as curative and protective agents, but in no case with even the 
slightest prospect of success. Wall had similar experiences. The 
extreme virulence of the albumose seems to baffle, at the present time, 
an attempt at a cure or protection. The poisonous substances of 
anthrax, tetanus, tuberculosis and diphtheria are comparatively harmless 
and slow acting when contrasted with cobra poison. What is required 
for the latter, is a quickly acting medium. From a review of the above 
experiments it would seem that the best chances lie in a treatment, by 
which fixed alkalies are introduced into the blood and lymph. Intro- 
duced separately from the poison, immediately before or after, potash has 
unfortunately no destructive power on the poison. By long continued 
injections of sodium bicarbonate the alkalinity of the blood might be 
increased and the fixed alkali kept in solution, and judging from 
Wall’s experiments it seems not impossible that by this means a 
protection, to some extent at least, against the cobra albumose might 
be established. As far as I am aware the action of caustic alkalies on 
other albumoses has not been tried. But if it be shown that the 
anthrax albumoses are altered in a similar manner, Fodor’s experi- 
ments might be explained on the hypothesis, that the fixed alkali 
circulating in an appreciable quantity through the tissues destroys the 


1 Of. also A. J. Wall, loc. cit. 
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poisonous action of the albumoses wherever it comes into contact with 
them’. This matter must be regerved for future investigation. 

(7) As Strychnia has been recommended as a cure against snake- 
bite and in fact, the Indian Government addressed on this point, 
experiments were made to settle this question for cobra poison. For 
these experiments the pure albumose, separated according to Martin’s 
method, was employed, and they were all performed on hens. Strychnia 
is neither the chemical nor physiological antidote of cobra albumose, 
as the following experiments show. 


Experiment I. Three minims of the albumose solution killed a fowl in 
10 minutes. 

Experiment II. Three minims of the albumose solution mixed with 
five minims of liquor strychnie and allowed to stand for 24 hours, killed a 
fowl in 10 minutes. The symptoms of strychnia poisoning masked all others. 

Experiment III. Three minims of the albumose solution mixed with 
three minims of the liquor and injected immediately, killed the fowl in 
15 minutes under symptoms of strychnia poisoning. 

Expertment IV. On adding only one mimim of the liquor to the dose of 
poison, the fowl died in 18 minutes with marked symptoms and signs of 
strychnia poisoning. 

Expermment V. Of a dilute solutiob of albumose three minims were 
given at 12.15a.m.; at 1.7 p.m. the fowl showed the first signs of drowsiness 
and two-fifths of a minim of liquor strychniz were injected hypodermically, 
and again at 1.17 p.m. The typical signs of strychnia poisoning set in, and 
the fowl died at 1.39 p.m. 

ExpERIMENT VI. Two-fifths of a minim of liquor strychnise were 
injected at 1.29 p.m. and again at 1.39: the fowl died at 2 p.m. 

Experiment VII. Five minims of a rather dilute albumose solution 
were injected into a fowl at 3.40 p.m., and when the first signs of drowsiness 
appeared at 5 p.m., two-fifteenths of a minim of liquor strychniz were 
injected at 5 p.m. and again at 5.10 and 5.20 p.m. The fowl died under 
typical strychnia convulsions at 5.35 p.m. 

In whatever dose strychnia was given, no benefit resulted, the animal 
dying in all cases. When less than one-fifteenth of a minim of liquor 
strychnize was given, even with small but lethal doses of dilute albumose 
solution, the animal invariably died under the typical symptoms of cobra-bite. 
When more than two-fifteenths of a minim of liquor strychniz were 


injected, the signs of strychnia poisoning prevailed and “énly * 
death. 


1 T. Lauder Brunton and T. J. Bokenham. Experiment upon the influence, eto.“ 
British Med. Journal. July 18, 1891. 
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Nothing, therefore, is to be expected from this treatment, and no 
false hopes should be raised or fostered as to a cure by strychnia. 


Two remarks shall conclude this section. It is often stated that 
animals killed by a snake-bite putrefy rapidly. This statement was 
not borne out by my experience, and certainly not, when the pure 
albumose was employed. 

Finally, the extreme local changes caused by the injection of even 
small doses of dilute poison or albumose solutions are remarkable. 
Large nodules, filled with caseous pus, appeared rapidly on the abdomen 
of the rabbits experimented on, so that it was at times difficult to find 
a sound place in those animals which were used for repeated injections. 


EXPERIMENTS WITH THE ALCOHOLIC Extract or Copra Polson. 


“Various statements have been made by ditferent observers about 
the action of alcohol on snake-poison. If to a solution of cobra-poison 
absolute alcohol be added, a white precipitate is thrown down. After 
the precipitate has been thoroughly washed with alcohol, it can be 
redissolved in water, and the solution produces all the effects of cobra- 
poison. If dried cobra-poison, in a state of fine powder, be added to 
absolute alcohol, and the mixture be frequently agitated, the alcohol 
will derive no poisonous property from the cobra-poison. If, however, 
instead of absolute alcohol, rectified spirit be employed, the water in 
the spirit is capable of taking up a certain amount of the poison. So, if 
absolute alcohol be added to liquid cobra-poison as it comes from the 
snake, a precipitate will fall which is poisonous; but the supernatant 
fluid is poisonous from some of the active agent being held in solution 
by the natural fluid of the venom. That this is so, can be proved by 
evaporating this clear supernatant fluid to a small bulk, when a further 
addition of absolute alcohol will produce a further precipitate of the 
poisonous agent. In other words, the active agent of cobra-poison is 
precipitated by, and is totally insoluble in, absolute alcohol; but 
mixtures of alcohol and water are capable of dissolving a certain amount 
of the poison in proportion to the quantity of water present.“ 

An alcoholic extract was made in the manner described above, 
being careful that such extract is quite free from albumoses, and was 
injected in a concentrated form into fowls. The extract was in each 
instance prepared from twenty minims of natural and undiluted poison 


1A. J. Wall, loc, cit. 
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after having been thoroughly dried. Three hens were used and the 
whole of the extract injected. 

(a) Injected on July 27th: died on August 11th. 

() Injected on July 18th: died on July 26th. 

(c) Injected on July 23rd: died on July 31st. 

In all these cases there seemed to be no special cause of death. 
Though all the fowls died after one or two weeks, I hardly think that 
this was due to some alkaloid : in any case the action of cobra poison is 
not due to this body, if it exist, but to the proto-albumose, separable by 
any one of the above-mentioned methods, and all experiments with a 
view to establishing a cure or protection against this virulent poison 
should be directed against the albumose. Wall had not recognized 
the nature of the active agent of cobra poison, but his tests with regard 
to the action of absolute alcohol are conclusive and required only 
another step on his part to establish the chemical nature of this 
substance. That this is an albumose has been settled for some time, 
and the purport of the experiments detailed above was a systematic 
examination of the cobra-albumose, according to newer methods and on 
the lines adopted by such careful workers as Hankin, Martin and 
Hunter. Extending Wall’s remarks according to our present know- 
ledge of cobra poison, it must be said, that the alcoholic or spirit extract 
is poisonous only so long as it contains the albumose. 


I cannot conclude without alluding to the untimely death of my 
friend Surgeon-Major A. Barclay, who commenced this work conjointly 
with me and helped me in the first experiments. Through his exer- 
tions I was enabled to have a constant supply of snakes. My thanks are 
due to Surgeon-Major Ward of the Medical College, Calcutta, for his 
readiness in the preparation of some of the necessary reagents. 


StuLA, August 30th, 1891. 


PART II. 


Dogs CoBRA-POISON CONTAIN A GLOBULIN ? 


In the first part of my paper on the chemistry of cobra poison it 
was stated that the active principle of such poison is a proto-albumose. 
No allusion was made to S. Weir Mitchell’s and Reichert’s or 
Wolfenden’s well-known researches, because at the time I was en- 
gaged in a series of observations to settle the question whether cobra 
poison contains a globulin or not. In my first observations I did not 
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obtain any changes on dialysis which could rouse the suspicion of the 
presence of such a body, and I found it necessary to seek for an expla- 
nation of the view, propounded by Weir Mitchell, that cobra poison 
contains an albumose (he wrongly says peptone) and a globulin. 

It is hoped that this paper will show clearly, that Weir Mitchell’s 
observations are by no means conclusive, and that the body which he 
called a globulin, is nothing but a mixture of hetero-albumose and 
dysalbumose. Whether the latter body is really present, I am not in a 
position to assert, but there is some evidence in favour of its existence 
under certain conditions in snake poison. In many specimens of fresh 
cobra poison, the hetero-albumose is primarily not present, but ap- 
parently developed under certain external and internal influences. 

The following observations disprove to my mind Weir Mitchell’s 
and Reichert’s views as to the presence of a globulin in cobra poison. 

(1) Their chief evidence of the existence of globulin in the venom 
is the change occurring on dialysis. They state, that on placing a 
solution of the poison into a membrane, after dialysis a white granular 
precipitate appears within the skin, which is soluble in dilute saline 
solutions and precipitated on saturation. 

Now this does by no means always occur, in fact in my first 
observations it never did. Yet it does at times take place. Thus if 
globulin be present, it is not always so. Again hetero-albumose reacts 
almost in the same way, and Hunter succeeded in obtaining the 
latter from tuberculin by means of dialysis. From the irregular 
appearance of this change within the membrane, I was inclined to 
consider it an hetero-albumose. To give an example: a little fresh 
poison was diluted with a small quantity of sterilised distilled water 
and dialysed in the usual manner (i.e. after the addition of a crystal of 
thymol for two hours against running water and for 24 hours against 
distilled water). After this period, the solution in the membrane was 
milky and being kept in a well corked test-tube a white flocculent 
precipitate appeared which gradually became granular. On filtering, 
the fluid passed through milky and opaque. The precipitate was 
almost wholly soluble in 75 per cent. Nadi solution and came down 
again on saturation with NaCl as a cloudy precipitate which on 
standing became granular, the solution itself remaining cloudy and 
milky. 
(2) In another series of observations the manner of procedure was 
as follows :—The proto-albumose was separated according to a modifi- 
cation of Martin’s method. The cobra poison was poured into an 
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excess of absolute alcohol, and the mixture allowed to stand for a week. 
Then it was filtered and the residue dissolved in sterilised distilled 
water and again poured into absolute alcohol. This process was 
repeated several times. The final white precipitate was allowed to 
stand under alcohol for several weeks. It now was only partially 
soluble in sterilised distilled water and had also undergone a slight 
deterioration in its power’. Some of it was taken up in distilled 
water and the filtrate placed in a membrane and treated as under 
(1) with exactly the same result, showing that the globulin-like body 
appears as dialysis goes on. Now it may in all fairness be claimed 
that the repeated precipitation by absolute alcohol and the subsequent 
extraction with distilled water exclude the presence of globulins. Again 
this globulin-like body obtained, though easily soluble in 75 per cent. 
NaCl solution, was not reprecipitated until the point of saturation with 
NaCl had been reached. The solution containing this body remained 
permanently cloudy and milky, whether the body was precipitated with 
salt or not. On adding this solution to absolute alcohol, it became 
clear, but a fine white flocculent precipitate came down. At times 
while the body was in solution this milkiness was hardly appreciable 
and increased as salt was added to it, finally becoming in many cases 
very opaque. Heating hastened these changes and the precipitation 
after saturation with NaCl. It should be mentioned, that a portion 
of the white granular precipitate within the membrane was permanently 
insoluble in salt solution of any strength or weakness. All these changes 
are decidedly in favour of an hetero-albumose. 

(3) Some albumose prepared according to Martin’s method was 
allowed to stand under alcohol for eight weeks. At the end of this 
time it proved to be only partially soluble in distilled water. The 
residue obtained after filtering was easily soluble in 75 per cent. of 
NaCl solution, but also in any NaC! solution short of saturation, and 
was not reprecipitated until the resulting solution had been saturated 
with NaCl. 

(4) Cobra poison was thrown into an excess of absolute alcohol and 
allowed to stand under the latter for three to four days, and was then 
filtered. The filtrate was rapidly evaporated on a water-bath at 70° C. 
The residue was taken up in 1 per cent. carbolic acid and was only 
partly soluble. After 36 hours a flocculent granular precipitate fell 
down, which was soluble in 75 per cent. NaCl solution and reprecipitated 
on saturation. The supernatant fluid remained cloudy and milky. The 

1 Cf. Sewall: This Journal, Vol. viii. 
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same result was obtained on using some of the albumose which was 
employed for the third series of observations. But here the reactions, 
if anything, were more marked. 

(5) The poison extracted from two large brown cobras and diluted 
with distilled water was thrown into an excess of absolute alcohol. 
Only a slight precipitate appeared, but the fluid became very opaque, 
and cloudy or milky. After four days the mixture was filtered. The 
alcoholic filtrate remained opaque, but after saturating with NaCl and 
allowing the mixture to stand for two hours, the supernatant fluid 
became clear. After filtering, the residue which contained much 
undissolved salt was dissolved in as little sterilised distilled water as 
was just sufficient to dissolve the salt. The resulting solution was 
quite clear. The salt no doubt precipitated all the albumoses and 
globulins present. As on the addition of distilled water, however, the 
whole of the residue was dissolved and the concentration of the 
resulting saline solution was considerably above 15 per cent., it is 
hardly possible that any globulins had been precipitated. On fully 
saturating the solution with NaCl it at first became milky and cloudy, 
but soon a granular flocculent precipitate appeared, the fluid as above 
remaining cloudy. As, however, this might have simply been a proto- 
albumose the whole mixture of precipitate and saturated saline solution 
was placed in a membrane and dialysed for three hours in running 
water and for thirty hours against distilled water, until all the salt had 
passed out. In the skin now there was a white granular precipitate, 
soluble in dilute NaCl solution and only reprecipitated on saturation 
with NaCl. 

(6) Some fresh poison was dialysed and the portion which had 
passed through the membrane concentrated by dialysis against alcohol. 
The resulting clear solution was exposed to the sun, when it gradually 
became opaque and a flocculent precipitate appeared. The latter was 
insoluble in distilled water, but soluble in dilute saline solution and 
reprecipitated on saturation. Here a globulin is absolutely excluded, 
and the change is only explainable on the assumption that the action 
of heat or light converted some of the original albumose into an 
hetero-albumose. Temporary boiling had the same effect as exposure 
to the action of the sun. 

It seems from these observations, that the opinion of Weir Mitchell 
and Reichert is not based on conclusive evidence, and that there is no 
reason to assume the presence of globulin in cobra poison. In fact the 
above tests show, that this body does not exist in the venom, but that 
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under keeping, exposure to heat, sun or alcohol and even by means of 
dialysis the original proto-albumose is changed in part to an hetero- 
albumose. In some cases the latter body may be present in the poison, 
as it issues from the glands, but this is not always so. Again, as at 
times the precipitate obtained was only partially soluble in saline 
solution, it seems that dysalbumose was also present. But the presence 
of these two albumoses is apparently due to the manipulations to which 
the poison was subjected, as dialysis by itself is capable of bringing 
about the characteristic changes in cases where globulin can be 
reasonably excluded. A deutero-albumose was never obtained, and it 
must therefore be claimed, as was stated in the first part of this paper, 
that the poisonous substance of cobra-venom is a proto-albumose. All 
further trials to extract an alkaloidal body have been unsuccessful, all 
the hens having survived. 

An attempt was also made to explain the action of prolonged 
heating on cobra-albumose. The latter was prepared according to 
Martin’s method and allowed to stand under absolute alcohol for six 
weeks. The alcohol was then filtered off, and the albumose residue 
dissolved in the least possible quantity of sterilised distilled water. The 
resulting slightly milky solution was very virulent, ten minims killing a 
rabbit in fifteen minutes. This solution was heated in a Koch’s steri- 
lising apparatus for five hours, and at the end of this time was as white as 
milk, opaque and harmless. On filtering, this milky fluid passed almost 
unchanged through the paper, a slight residue remaining behind. The 
latter was almost wholly insoluble in saline solution of any strength. 
The milky filtrate, on the other hand, gave a faint biuret reaction. 
After boiling the above solution of albumose for twelve hours, it ceased 
to give the biuret reaction. 

A portion of the milky filtrate was saturated with neutral ammonium 
sulphate and allowed to stand over the salt for twenty-four hours. At 
the end of this time the solution was clear, and a slight white precipitate 
had come down, in too small a quantity, however, for further investiga- 
tion. The filtrate gave no precipitate on the further addition of 
ammonium sulphate after acidulation with acetic acid. 

To another portion of the milky filtrate 75 per cent. NaCl solution 
was added, the solution remaining milky and opaque. On saturation 
with NaCl this milkiness was increased, and a slight granular precipitate 
appeared after some time, the supernatant fluid remaining opaque. It 
was now placed in a sausage skin and dialysed against running water 
for four hours, and after the addition of a crystal of thymol against 
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distilled water, which was frequently changed, for forty-eight hours. 
At the end of this time a copious white granular precipitate appeared 
in the membrane, but the fluid in the membrane was still cloudy and 
milky, and gave no biuret reaction. On allowing a portion of the 
contents within the membrane to stand in a well-corked test-tube for 
twenty-four hours, a copious white granular precipitate came down and 
the supernatant liquid was now clear. Another portion of the contents 
within the membrane was saturated with ammonium sulphate and 
allowed to stand over the salt for twenty-four hours, At the end of 
this time a white granular precipitate appeared, and the supernatant 
fluid, as above, was clear and colourless. 

On filtering the contents of the skin, the filtrate passed clear and 
had lost its milky and cloudy appearance. The white precipitate 
which remained behind was almost entirely soluble in dilute saline 
solution, imparting a milky appearance to the resulting solution, and 
was reprecipitated on saturation with NaCl, the solution itself, at the 
same time, becoming more milky and opaque. On pouring a solution 
(in 75 per cent. NaCl) of the precipitate within the membrane into 
absolute alcohol, a fine granular precipitate fell down on allowing the 
mixture to stand for twenty-four hours, the supernatant alcoholic fluid 
being clear and colourless. 

These observations confirm the opinion expressed above, that the 
experiments of Weir Mitchell and Reichert and Wolfenden cannot 
be considered conclusive, and that a globulin-like body may appear in 
a solution of cobra-albumose after certain manipulations. It seems that 
prolonged heat decomposes the proto-albumose into hetero- and dys- 
albumoses, and that these bodies are apparently harmless. Dr Hunter, 
to whose paper I am indebted for many hints, remarks, that the remedial 
properties of the tuberculin albumoses can be altered (or lessened) by 
dialysis, and that this is due to changes occurring within the membrane. 
From his and the above observations it may be suggested, that this is 
due to a conversion of the proto- (or deutero-) albumose to hetero- 
albumose. In opposition to Kiihne the experiments with cobra-albumose 
seem to show that the proto-albumose of this venom on dialysis not 
infrequently throws down a body which is indistinguishable from 
hetero-albumose. 


Sima, Sept. 23, 1891. 
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FURTHER OBSERVATION ON THE INFLUENCE OF 
CALCIUM SALTS IN PROMOTING HEAT COAGU- 
LATION OF ALBUMINS. By SYDNEY RINGER, 
M.D., F.RS. 


(From the Physiological Laboratory of University College, London.) 


IN previous communications in this Journal I have drawn attention to 
the influence of calcium salts on the coagulation of alkali albumin. In 
this communication I treat of the influence of calcium salts on a native 
albumin, namely, white of egg. 

A weak solution of egg albumin in distilled water (1 in 8) heated 
slowly to boiling point does not coagulate, but if a small quantity of 
calcium chloride is first added, the solution coagulates readily. This 
might at first sight be considered a proof that a calcium salt greatly 
favours coagulation of egg albumin. This however is not the case. On 
heating the dilute solution without the addition of a calcium salt the 
albumin is converted into alkali albumin, and this is readily coagulated 
on the addition of a soluble calcium salt ; and I submit that the coagula- 
tion occurring during the heating of dilute egg albumin, to which 
calcium chloride is added, is due to the albumin being first converted 
into alkali albumin and then precipitated by the action of the calcium 
salt. 

The following experiments’ show that if dilute white of egg is made 
faintly acid with acetic acid, and thus its conversion into alkali albumin 
by heat prevented, it coagulates without the addition of a calcium 
salt; and the addition of calcium chloride neither accelerates the 
coagulation nor increases the amount coagulated in slowly raising the 
temperature to boiling point. 


In the experiments recorded in this paper I used a 10% neutral solution of calcium 
chloride and in some a 10% solution of calcium nitrate. I dropped the solution from a 
pipette that gave fourteen drops to the o. o. 
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I diluted white of egg with distilled water, 1 in 8, and filtered through 
blotting-paper, and then added 3 drops of 10% solution of acetic acid to 30 c.c. 
of the albumin mixture. The mixture became a little opalescent, and was 
acid in reaction. Three test-tubes, the second containing 3 drops, the third 
6 drops of calcium chloride solution, received 10 c. c. of the acidulated albumin 
solution. The calcium chloride removed the opalescence in the tube with 6 
drops and reduced it in the tube with 3 drops. The test-tubes were then 
placed in a water bath and the temperature raised. Each of the solutions 
became cloudy at 59, and the solution without calcium chloride became 
particulate at 59°C.; the solution with 3 drops at 59°5°C. ; and the solution 
with 6 drops at 60°C. After boiling they each set into a loose clot. I then 
filtered each coagulated solution and saturated the filtrate with ammonium 
sulphate. There occurred a slight deposit in each solution and about the 
same in quantity in each tube. 

I next repeated this experiment with a solution of 30c.c. of albumin 
mixture which received only 2 drops of acetic acid 10% solution. This 
gave a faint acid reaction. The solution in each of the tubes became cloudy 
and particulate at 59“ Cꝗ. On filtering and treating the filtrate with am- 
monium sulphate, the amount of albumin precipitation by boiling appeared 
to be the same in each tube, as the ammonium sulphate produced only a 
slight precipitate, judging by the eye, equal in amount in each tube. 

I repeated the experiment adding 1 drop of the acetic acid solution to 
30c.c. This solution gave a faint acid reaction, the litmus becoming about as 
red as the redness produced by distilled water. The solution without calcium 
chloride and the solution with 3 drops of the calcium solution became 
opalescent at 56°C.; the solution with 6 drops at 57°C. The first two 
solutions became particulate at 57“ C. and the third at 60°C. On boiling, the 
solution in the first tube became viscid and did not set; the fluid in the other 
tubes set into a loose clot. | 

In some experiments with the smallest quantity of acetic acid the influence 
of boiling on the solution without calcium chloride differed. In some it became 
gelatinous, and filtered through blotting-paper very slowly, but the filtrate 
when saturated with ammonium sulphate only precipitated a small quantity 
of proteid, no greater than in the filtrate from the solutions containing 3 
and 6 drops of calcium chloride solution. The calcium chloride therefore in 
this experiment did not influence the precipitation of the proteid, but assisted 
the aggregation of the particles. In another experiment however, with albu- 
min from another egg, the solution without calcium chloride only became 
cloudy, and on testing it I found it changed into alkali albumin. 


In the previous experiments the addition of calcium chloride 
appeared to have no influence on coagulation of egg albumin by heat. 
Still these experiments do not prove that calcium salts are without 
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influence on heat coagulation, for the calcium salt present in the native 
albumin may suffice with the aid of an acid, and the further addition of 
a calcium salt may not increase the action of the calcium salt naturally 
present. I made the following experiments to get rid of the soluble 
calcium salts in egg albumin. 


I diluted the white of an egg with distilled water and precipitated the 
albumin by saturation with ammonium sulphate, filtered and redissolved in 
200 c.c. of distilled water: I repeated the precipitation and solution three times. 
I then performed the following experiments. The first test-tube contained 
10c.c. of the dissolved albumin ; the second 10c.c. with 3 drops of calcium chloride 
solution, and the third tube 10c.c. with 6 drops of calcium chloride solution. 
Placed in a water bath and slowly heated, at 69°C. the fluid in each of the 
| tubes became opalescent, at 76°C. milky, and at 80 particulate. On boiling, 
all the solutions became semisolid. 


It is true on the addition of ammonium sulphate the calcium would 
become converted into the slightly soluble sulphate, but the solution in 
a large quantity of distilled water and filtration I think must have 
removed most of the calcium from the egg albumin; and yet the solu- 
tion to which no calcium chloride was added coagulated at the same 
temperature as the solutions to which calcium chloride was added. 
1 I next performed similar experiments, but first added to one 
N specimen weak hydrochloric acid, and to another some acetic acid, 
N thinking that these acids would withdraw any calcium that might 
be combined with the proteid. I then precipitated with ammonium 
sulphate, filtered and dissolved. I give in detail the experiment with 
acetic acid. 

I diluted 35 c.c. of white of egg to 200 c. o. with distilled water and filtered 
through muslin ; I then added 25 c.c. of 10°/, solution of acetic acid to remove 
ö any calcium that might be combined with the proteid; I next precipitated 
| the albumin by ammonium sulphate and then filtered. The albumin dissolved 
readily in 75 c. c. distilled water and gave a strong acid reaction. It coagulated 
readily on boiling. I reprecipitated with ammonium sulphate and again 
filtered and dissolved the albumin in 300c.c. distilled water. The solution 
gave a strong acid reaction. A little boiled coagulated readily. I again 
precipitated the albumin by ammonium sulphate and again filtered. I 
dissolved the precipitated albumin in 200 0. c. of distilled water. The solution 
| was decidedly acid in reaction. A little quickly boiled coagulated abundantly. 
I then filtered the dissolved albumin, and performed six experiments, in each 
employing 10 c. c. of the solution. To the first tube I added no calcium chloride; 
to the second test-tube I added 1 drop of calcium chloride solution ; to the 
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third 2; to the fourth, 3; to the fifth, 4; and to the sixth, 6 drops. After 
five hours there was no change in the solutions. I then placed the test-tubes 
in a water bath and slowly raised the temperature. Each of the solutions 
became particulate between 55°C. and 57“ C.; and when boiled the albumin 


clotted, the amount of deposit, judging by the eye, being the same in each 
tube. 


I incinerated some of the coagulated albumin to which no calcium 
chloride had been added, dissolved in strong hydrochloric acid, neutra- 
lized with ammonia and made the solution slightly acid with acetic 
acid. The addition of ammonium oxalate precipitated a small quantity 
of calcium oxalate. Some calcium salt therefore still remained in the 
solution, but a great part must have been washed away, and yet the 
albumin coagulated with heat; and calcium chloride had no influence 
in accelerating or increasing the coagulation. 

The experiments with hydrochloric acid gave the same results, All 
the calcium was not removed, as the ash yielded a minute trace of a 
calcium salt. 

I next attempted to get rid of all calcium salts from egg albumin 
by the action of oxalate of ammonium. To white of egg diluted with 
seven parts of distilled water I added ammonium oxalate in excess, and 
after six hours decanted the supernatant fluid and filtered. This 
solution I rendered slightly acid by the addition of 3 drops of 
10% solution of acetic acid to 30 c. The solution to which no 
calcium chloride was added coagulated by heat, the addition of calcium 
chloride to the other specimens not accelerating nor increasing the 
coagulation. 

I next dialysed a mixture of egg albumin (1 in 8), adding 15 cc. of 
10°/, solution of acetic acid to 100c.c. of the albumin mixture. The 
dialyser was placed in 1000 c.c. of distilled water for seven days. The 
water was first renewed twice and then once daily. At the end of this 
period the fluid gave a slight acid reaction, about as marked as that of 
distilled water. The solution had not decomposed. It was quite sweet 
to the smell. 


I made many observations, each consisting of two experiments; 10¢.c. 
without any calcium salt added, whilst the other 10c.c. received 6 drops of 
calcium chloride solution. The test-tubes were then placed in a water bath 
and the temperature slowly raised. The solution without calcium chloride 
became cloudy between 55°C. and 56˙ C. and particulate at 61“ C. to 62°C. 
The solution containing calcium chloride became cloudy at 68°C. to 69°C. 
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and particulate at 73°C. to 74°C. Hence the addition of calcium chloride 
retarded coagulation. 

After boiling, the solutions in each tube set into a clot, and on filtering 
and testing the filtrate by saturation with ammonium sulphate I found that 
the amount of proteid deposited was the same in each tube. 


Although the acetic acid dialysed out and also most of the salts, for 
the albumin mixture contained no chloride, yet after this long interval 
some calcium remained. I evaporated 30 c.c. to dryness, incinerated in 
a platinum crucible, and then added a drop of strong hydrochloric acid 
and next diluted with distilled water, and made the solution slightly 
alkaline with ammonia and next slightly acid with acetic acid. I then 
added oxalate of ammonium, and after standing for some time the 
solution became faintly opalescent and a very slight deposit occurred. 
The calcium salt was probably combined with the proteid, for the 
addition of ammonium oxalate to the albumin mixture caused no 
precipitate, and, after boiling and coagulating, some of the clear filtrate 
did not precipitate on the addition of ammonium oxalate. The 
incinerated coagulated albumin however gave a calcium reaction. 

These experiments I submit prove that calcium chloride and calcium 
nitrate, and probably other soluble calcium salts, have no influence on 
the heat coagulation of egg albumin unless it is first converted into 
alkali albumin. 

How do the soluble calcium cc precipitate alkali albumin from its 
solutions ? 

It is held in solution by an alkali. In most of my experiments by 
sodium bicarbonate. 

If the alkalinity is removed by any means, then the proteid is 
deposited. This of course occurs on the addition of an acid. The 
suggestion therefore at once arises that calcium chloride solution acts in 
this way, and many of the reactions favour this view. When calcium 
chloride is added to a solution of sodium bicarbonate, a precipitate at 
once occurs: except with weak solutions, the precipitate of calcium 
carbonate takes a little time. Heat accelerates the precipitation of 
calcium carbonate with weak solutions; and if the solutions are very 
weak, precipitation only occurs with the aid of heat. 

Now this is exactly what happens on adding calcium salts to alkali 
albumin solution. If a large quantity of the calcium salt is added, 
precipitation occurs at once at the temperature of the room; if a small 
quantity is used, then a little time is required before precipitation 
occurs. With small quantities of calcium salt, heat greatly accelerates 
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the precipitation, and with very small quantities of the calcium salt, 
precipitation of the proteid only occurs with the aid of heat. 

There can be no doubt therefore that calcium salts act in some 
instances by lessening alkalinity and so destroying the solvent action of 
the menstruum. But is this the whole explanation of their action, or 
have calcium salts an additional property whereby they precipitate 
alkali albumin ? 

There can I think be no doubt that calcium salts are able to 
precipitate alkali albumin by some property other than that of dimi- 
nishing or neutralizing the alkalinity of the solution. 

If calcium salts precipitate alkali albumin simply by neutralizing 
alkalinity, the weak acids should act in the same way as calcium salts. 
The following experiments show that weak hydrochloric acid must be 
added to these solutions of alkali albumin till the solution is decidedly 
acid, before any precipitation occurs even at a boiling temperature. 
Now, a small quantity of calcium nitrate or calcium chloride (neutral) 
solution will precipitate alkali albumin from alkaline solutions, Further, 
the precipitate produced by the addition of an acid even when boiled 
dissolves on the addition of a little caustic soda solution, whilst the 
precipitate with a calcium salt is unsoluble. 


I prepared alkali albumin by diluting white of egg with 7 parts of 
distilled water and slowly heating to boiling point. This preparation is not 
precipitated till the solution has a decided acid reaction. As the point of 
precipitation is being reached the fluid becomes a little milky, but still not 
particulate, and will filter through blotting-paper without any deposit on the 
paper. 

Then a very slight further addition as of one drop of 2% HCl to 10cc. 
of the alkali albumin solution causes abundant precipitate and almost the 
whole of the proteid is deposited. If the solutions just short of precipitation 
are heated, precipitation occurs; but other solutions containing only a very 
little less acid, and still acid in reaction, will not precipitate nor become 
particulate on boiling. 

Four test-tubes received 10 e. o. each of albumin mixture. Into the first 
I dropped slowly 36 drops of 2% HCl; into the second 37; into the third 
38 and inte the fourth 39. Forty drops caused an abundant precipitate. Each 
of the solutions gave an acid reaction. The first two solutions were scarcely 
changed, becoming only a little opalescent ; the third became a little, and the 
fourth still more milky. None were particulate. The solutions stood 24 
hours and at the end of that time the cloudiness was a little settling, the 
fluid being clear at the top; but none of the solations were particulate to the 


20—2 


4 

1 

= 


SYDNEY RINGER. 


naked eye. I then slowly raised the temperature to boiling. The two solutions 
with the larger quantities of acid became particulate at 56°C. The solution 
with 37 drops became particulate on boiling, whilst the solution with 36 
drops was unaffected. Nearly the whole of the proteid was precipitated in 
the three tubes with the larger quantities of acid. Now one of these solutions, 
although quite acid in reaction, was unaffected by boiling. Mere neutrali- 
zation therefore even with the aid of heat will not precipitate the proteid. I 
then made the following additional experiments. Into four test-tubes I 
dropped respectively 1, 2, 3 and 4 drops of calcium nitrate solution ; I then 
poured 10c.c. of the alkali albumin solution into each tube, and allowed the 
solutions to stand 20 hours. No change occurred in the solutions. They were 
all still alkaline in reaction. 

On slowly raising the temperature of the water, the solution with 4 drops 
became particulate at 50°C. ; the solution with 3 drops at 59°O. ; the solution 
with 2 drops at 75°C. ; but the solution with 1 drop was unaffected at boiling 
point. Nearly the whole of the proteid was precipitated in the three tubes, 
as I proved by duplicate experiments. Now in this last experiment, the 
solution with calcium chloride became particulate, although it was alkaline in 
reaction ; and we have seen that with hydrochloric acid it was necessary to 
make the fluid acid before precipitation occurred, and that solutions decidedly 
acid will not precipitate at all even on boiling. But a more striking 
difference remains to be mentioned: I added 5% solution of caustic soda to 
all the solutions. To the solutions containing the largest quantity of 
hydrochloric acid, and that containing the largest quantity of calcium nitrate, 
I added 6 drops; to the other solutions 4 drops. 

Both the tubes containing the higher quantities of hydrochloric acid and 
calcium nitrate became alkaline ; the hydrochloric acid solution very faintly 
alkaline; the calcium nitrate solution strongly alkaline. The other two 
solutions precipitated by hydrochloric acid remained slightly acid; whilst 
the corresponding solutions with calcium nitrate were strongly alkaline. In 
a short time all the precipitates caused by the addition of hydrochloric acid 
and heat dissolved completely, whilst the solutions precipitated with the 
calcium nitrate remained unaffected. They were allowed to stand 24 hours 
and were just the same at the end of that time. 

I then filtered all the solutions. The hydrochloric acid solutions filtered 
rapidly and left nothing in the filter paper, whilst the calcium nitrate left a 
copious deposit on the filter. I then saturated the filtered solutions with 
ammonium sulphate, and obtained an abundant deposit with the hydrochloric 
acid solutions, and very little indeed with the calcium nitrate solution. 

I made another series of experiments, using 10c.c, of the albumin 
solution and 3 drops of the calcium nitrate solution in each of the 4 
experiments, then heated and produced an abundant deposit. I then added to 
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the four tubes respectively 2, 4, 8 and 16 drops of 5% caustic soda solution 
and allowed the tubes to stand 24 hours. The deposited proteid was only 
affected in the tube containing 16 drops of the alkaline solution. The fluid 
became less particulate and viscid ; but still on filtering I found that only 
about the same amount of proteid passed through as with smaller quantities, 
and about the same that passes through from a solution of alkali albumin 
precipitated by 3 and 6 drops of calcium chloride solution, to which no caustic 
soda has been added. 

In another series of experiments 5 test-tubes received 10c.c. of this alkali 
albumin mixture, and into these tubes respectively I dropped 1, 2, 3, 4 and 5 
drops of 5% solution of caustic soda, and into each tube 4 drops of calcium 
nitrate solution. On boiling, all the solutions became particulate and then 
solid. After the experiment the solutions were strongly alkaline. 


I record another series of experiments. 


After diluting 50c.c. of white of egg to 400c.c. with 1% caustic soda 
I slowly heated and boiled the mixture. I next added some 1°/, solution of 
hydrochloric acid, leaving the mixture strongly alkaline, and found that it re- 
quired 12 drops of 1% hydrochloric acid to 10c.c, of the mixture to make 
it just faintly acid. 

I then made a series of experiments using 10c.c. of the mixture in each. 
Into the first three test-tubes I dropped respectively 3, 4 and 6 drops of 10% 
solution of calcium nitrate: the solutions remained strongly alkaline. To the 
remaining three test-tubes I respectively added gradually 12, 14 and 16 drops 
of 1°/, solution of hydrochloric acid : each of the solutions gave an acid reaction, 
the first being faintly acid. The first of these solutions remained unchanged ; 
the second became opalescent and the third a little milky, but not particulate : 
after standing 24 hours no further change ensued. The tubes were then 
placed in a bath and the temperature slowly raised. The solution containing 6 
drops of calcium nitrate solution became opalescent at 50°C., particulate at 
72°C., and set into a jelly at 76°C. The solution with 4 drops underwent 
similar changes at 63°C., 88°C. and 92°C. The solution with only 3 drops 
became opalescent at 79 and a little milky at boiling, but not particulate. 
The solution with the largest quantity of acid became particulate at 88, and 
remained slightly particulate after boiling. The solution with 14 drops of 
dilute hydrochloric acid became a little milky, but not particulate; the 
solution with 12 drops after boiling was a little opalescent. 


In these experiments the calcium salt precipitated the proteid from 
a decidedly alkaline solution. No doubt a double decomposition took 
place, Ca (HO), being formed. But calcium hydrate readily dissolves 
alkali albumin. For if alkali albumin is precipitated and dissolved by 
excess of acid, on adding calcium hydrate solution, the alkali albumin 
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is of course precipitated, and a very slight excess redissolves the 
precipitate. 

Finally I made alkali albumin by diluting white of egg with 7 
parts of 1% caustic soda and filtered and then dialysed into distilled 
water for four days. At this time the solution was neutral, but was not 
precipitated. 

I added to 10c.c. of the albumin mixture 2 drops of 5% solution of 
caustic soda, and then 4 drops of calcium nitrate solution. The solution had 
a decidedly alkaline reaction. On heating, a copious deposit occurred at 75° C. 

Here again the calcium salt caused a deposit in an alkaline solution. As 
in the previous experiment, a double decomposition took place Cu( HO), being 
formed: but, as I have just shown, lime water readily dissolves alkali albumin. 


ii 


Summary. 


I. Calcium salts do not promote heat coagulation of albumin. 

II. They cause heat coagulation of alkali albumin. 

III. In some solutions they act partly by lessening the alkalinity 
of the solution. 

IV. They have however a further and more powerful action, for 
they precipitate alkali albumin in strongly alkaline solutions. Whether 
they act by diminishing the solvent power of the menstruum, or 
whether they alter the proteid molecule and so render it less soluble, 
these experiments do not explain. 
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THE PROTECTIVE FUNCTIONS OF THE SKIN OF 
CERTAIN ANIMALS. By W.B. HARDY, M.A., Shuttleworth 
Scholar of Gonville and Caius College, and Junior Demonstrator 
of Physiology in the University of Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


AT an early period in the course of a somewhat prolonged study of 
certain members of the Crustacea, the remarkable absence of parasitic 
vegetable or animal growths on the carapace of these animals appealed 
to me as a notable fact. I was the more struck with this as there 
appeared to be no mechanism obviously able to produce this cleanliness. 
Every animal which inhabits water or has an habitually moist external 
surface is confronted with the same problem which has so long puzzled 
the ship-building world. Larve and spores are continually settling on 
to the surface where many of them would develope into growths which 
would impede the movements, or injure the tissues of the animal unless 
some method of removing or destroying them were adopted. The 
shipmaster meets the difficulty in one of two ways. He either coats the 
ship's bottom with a highly poisonous paint, or with some substance 
which is slowly soluble in water, such as copper or zinc. In the second 
case a fresh surface is continually being formed and the germs have no 
sooner settled than they lose their hold and are washed away. 

In many animals the way in which the surface is kept clean is at 
any rate partly obvious. Commensal forms feeding on matter adherent 
to the skin, as for instance the ciliated protozoon Trichodina which is 
found on the surface of Hydra, contribute to this result. Similarly the 
periodical shedding of an external cuticle is a radical means of ridding 
the animal of growths which may have obtained a hold in spite of other 
preventive devices, and the continuous desquamation which is charac- 
teristic of the stratified epithelium of the higher vertebrates is a more 
subtle device of the same nature. The appendages are more or less 
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useful in different animals for removing at any rate the larger forms of 
adherent bodies. 

It has been shown that in the Mammalia, the moist mucous surfaces 
are kept clean in a way which is strictly comparable to the. case of 
Hydra. Multitudes of phagocytic wander-cells are poured on to the 
surface to ingest foreign particles whether organic or inorganic (7) &. 
Lastly, when all these devices have failed, absolute attrition of the 
body surface against surrounding objects such as rocks or sand may be 
resorted to. The writer had many opportunities of witnessing this in 
the summer of 1883 when the salmon fishery in the River Dee was 
almost destroyed by the infection of the fish with the fungus Sapro- 
legnia ferox. The rocky pools frequently presented the spectacle of 
a fish persistently rubbing the infected patch against some angle of 
rock. 

But the conspicuous cleanliness of the carapace of Crustacea of very 
diverse habits is not accounted for by any of the above-mentioned 
devices. In most forms, eg Daphnia and the crabs, the appendages 
can only effectively sweep a limited portion of the surface, while the 
casting of the shell occurs at far too great intervals when we remember 
that the bottom of a ship, even when moored in a strong tideway, may 
in hot summer weather become coated in a period to be reckoned by 
days. Some special mechanism must be present else they would have 
to learn to revel in a host of ectoparasites as does, for instance, Cyclops. 
Daphnia, as a conspicuously clean Crustacean, seemed to me to be the 
most suitable for study and to that I mainly directed my attention. 


The Structure of the Skin of Daphnia. 


The skin of Daphnia is composed of an external thin hyaline 
cuticle or, as I shall henceforth term it, carapace which is seen by the 
aid of the microscope to be divided up into a series of areas by fine 
lines forming a pattern on its surface. Immediately below this is the 
cellular ectoderm. There does not appear to be anything of the nature 
of a mesodermal cutis such as is found in the higher Crustacea where a 
fibrous and cellular connective tissue forms a distinct zone of fine 
textured tissue under the ectoderm. 

The ectoderm of Daphnia has already been studied by Leydig ) 
and Claus) apparently without the aid of sections and merely in the 
living, unstained animal. It is therefore not to be wondered at that 
there should have been a certain amount of uncertainty even with 
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regard to such an elementary fact as the relation of the disposition of 
the ectoderm cells to the pattern on the carapace. Claus however, 
in opposition to the views of Leydig, arrived at the just conclusion 
that each area of the pattern corresponds to a single subjacent 
ectoderm cell. I have followed the methods of these earlier observers 
in so far as I have largely examined fresh, living animals, but I have 
called in to my aid the remarkable power possessed by certain of the 
anilin dyes of colouring fresh and even living tissues without modifying 
their morphological characteristics. 

The ectoderm of Daphnia may be most successfully studied after 
treatment with methylene blue. The animal is placed on a microscope 
slide in a drop of normal salt solution (0°6°/,) lightly coloured by the 
addition of a small quantity of the pigment. The preparation is then 
covered by a coverglass which is supported by a few slips of moistened 
paper so that it only just touches the animal. If the coverglass is now 
very lightly pressed with a mounted needle the brittle cuticle of the 
upper half of the shell is ruptured, and a crack a tenth of a millimetre 
or so long is made through which the pigment slowly makes its way, 
and a most beautiful differential staining occurs, the various histological 
elements coming into view one by one as the stain penetrates further 
and further from its point of entrance. 

The first structures to become coloured are the basophil granules of 
the blood corpuscles. These I have described in an earlier paper(3). 
Then the cells of the ectoderm take up the colour one by one and stand 
out with singular distinctness. The cells of the ectoderm are, for the 
most part, thin and plate-like in character, and each corresponds in size 
and shape to a superjacent area of the pattern on the carapace. Like 
those areas therefore they differ in size in different regions, being 
smallest in the head region where they form irregular polygons, and 
most regular and largest on the external surface of the shells. Here 
the cells are elongated with parallel edges and disposed in fairly parallel 
rows. In addition to these flat, plate-like cells there are also thicker 
cells which bear processes extending into the setw-like tactile hairs 
which form a fringe to the free edges of the shells, and occur also on 
the appendages. 

The flat ectoderm cells are either rhombohedral or polygonal in 
shape. Though they differ in size in different regions yet their 
histological characters are everywhere the same. Each cell forms a 
thin plate closely adherent to the carapace. A large rounded nucleus 
with one marked nucleolus occupies a central position. When treated 
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with methylene blue in the manner indicated above this nucleus 
appears as a clear unstained space in the blue cell substance, and 
situated somewhat eccentrically in this is the spherical nucleolus which 
takes an intense blue colour. The cell substance shows some remark- 
able histological characters. It is coloured a transparent but distinct 
blue by the dye and immersed in this blue matrix are a number of 
round vacuoles, which are apparently occupied by fluid matter. The 
contents of these vacuoles give the peculiar rose reaction with 
methylene blue to which I have drawn attention elsewhere(4), That 
is to say when the preparation is illuminated with ordinary (yellow) gas 
light the vacuoles appear as rose-coloured spaces in the blue cell 
protoplasm. The nucleolus also appears blue while the rest of the 
nucleus remains uncoloured. The only other structures in the body of 
Daphnia which give the rose reaction are the basophil granules of the 
blood corpuscles. The alimentary canal, muscles, nervous system, and 
excretory organs stain blue. The cells lining the end sacs of the 
last-mentioned structures are characterised by containing basophil 
granules of an irregular shape which take an intense and opaque blue 
colouration. Each ectoderm cell generally appears to be separated 
from the adjacent edges of the neighbouring cells by a slight interval 
due probably to a faint contraction of the cell substance consequent on 
the stimulus of the methylene blue. 

The vacuoles in the cell substance may be the receptacle of solid 
particles which have by some process been ingested by these cells. I 
have succeeded in infecting a patch of the ectoderm in this way with 
anthrax bacilli though, owing to the difficulty experienced in intro- 
ducing these bodies into Daphnia, only a few vacuoles were occupied by 
one or rarely more rods. Whether few or many foreign bodies enter 
the cells does not affect the value of the experiment which conclusively 
points to a certain phagocytic power exercised by the ectoderm cells. 
In order to introduce anthrax into the body of Daphnia I proceeded as 
follows. A small quantity of an active growth was taken up on the 
point of a very finely pointed needle and, with the aid of a Zeiss 
dissecting microscope, a very small puncture was made in the carapace 
just posterior to the upper portion of the shell gland. In successful 
cases a little of the growth gets carried into the body. No vital organ 
need be injured by the operation, and in control experiments, animals 
similarly treated were kept alive, isolated in a small quantity of water 
with a little duckweed floating on it, for many days. I may mention 
here, though the point hardly concerns us at present, that in summer 
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time when a relatively high temperature prevails, anthrax is fatal both 
to Daphnia and to Astacus. 

Not unfrequently one finds Daphnias whose ectoderm presents dark, 
irregular patches where the cells are infested by a parasite, probably of 
a vegetable nature. 

In transverse sections through the animal the plate-like ectoderm 
cells are seen to form a layer closely adherent ‘to the carapace, They 
are now found to have a very appreciable thickness, namely about 
4 to 6, and form an apparently continuous sheath of a very finely 
granular nature. The division between cell and cell is quite invisible 
in all my sections. From the study of such preparations we therefore 
obtain additional evidence that the slight interval between the cells 
which is seen so clearly in fresh preparations stained with methylene 
blue, is due to a faint contraction of the cell substance. 

The peculiar rose reaction is not confined to the contents of the 
vacuoles found in the ectoderm cells and to the basophil granules of the 
blood corpuscles of Daphnia. It is also seen to be a prominent 
characteristic of some substance of the nature of a slime which this 
animal has the power of casting on to its surface. The existence of 
this slime may be demonstrated by placing a Daphnia under a coverslip 
supported in the usual way in water or normal salt solution to which a 
trace of methylene blue has been added. The substance has a strong 
affinity for the dye giving a brilliant rose reaction and we may, under 
the microscope, watch the formation of a film sometimes of considerable 
thickness over the entire surface. It appears to be formed in larger 
quantities than normal as a result of some stimulus furnished either by 
the pressure of the coverslip, the pigment itself, or the normal salt 
solution when that fluid is used. In contact with water the substance 
first swells up and then slowly dissolves. It may I think be regarded 
as a true secretion, or product of the activity of the ectoderm cells, and 
this view of its nature is supported by the fact that we may see as a 
result of its formation a distinct diminution in the intensity of the 
rose reaction of the ectoderm cells. A parallel case in which the 
source of the substance thrown on to the surface of the animal could be 
more directly traced was found in the case of the Ammocoetes stage of 
Petromyzon Planeri. Miss Alcock, working under the direction of 
Dr Gaskell, discovered that the slime which, under appropriate stimuli, 
is formed in very large quantities on the surface of the body of these 
animals contains an active proteolytic ferment capable of rapidly digest- 
ing fibrin in the presence of a small quantity of free hydrochloric acid (5), 
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I examined the skin and found that it is covered by cells the free surface 
of each of which bears a cuticular plate perforated by a number of 
relatively large canaliculi. These canaliculi therefore pass from the 
exterior through the cuticle which covers the general surface of the 
animal to the cell substance of the subjacent cells. The cell substance 
itself is charged with basophil granules of which those occupying the 
upper half of the cell give a marked rose reaction with methylene 

blue. The mode of discharge of these secretory granules could also 
de observed, many of the canaliculi being filled with staining matter 
so that they presented the appearance of rose-coloured rods’. 

In other words, we have in the case of the Ammocoetes as a peculiar 
function of its ectoderm the discharge on to the general surface of the 
body of a complex substance which is a secretion of the cells of the 
ectoderm. I see little reason to doubt that the slime found on the 
surface of the carapace of Daphnia is generally similar to that produced 
by the Ammocoetes, and we may probably regard the vacuoles of the 
ectoderm of the former as the analogues of the basophil granules of the 
latter. In both cases the process is essentially the discharge of a 
basophil substance, but to the question whether this substance is 
similar to the material of the rose-staining granules of the blood 
corpuscles I can return no satisfactory answer. The substance is 
discharged in the case of the Ammocoetes through cuticular pores, and 
similar pores probably perforate the carapace of Daphnia. This is 
borne out by the fact that in sections through the decalcified carapace 
of Astacus such pores are readily seen perforating the lamellae. 

The real existence of a slime on the surface of Daphnia is impressed 
on one’s mind by placing the animal in water containing suspended 
carmine particles, these not only adhere in spite of currents but also are 
seen not to be attached to the carapace, but to be removed a little way 
from it. In this way we can outline a zone of unstaining and perfectly 
transparent jelly round the animal as definitely as by staining that jelly 
with methylene blue. 

I completely failed to demonstrate the existence of a slime on the 
shells of Cyclops which are notoriously infested by ectoparasitic growths. 
If the basophil slime is a true secretion, formed by the ectoderm cells, 
and designed in some way to aid the animal in its conflict with the 
germs of parasitic animal or vegetable forms, then we might expect that 
the power of producing the substance would be increased up to a 


1 The cell substance of these cells only imbibes the dye after a prolonged exposure. 
The granules stain rapidly. N 
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certain stage if the conflict became more acute, and, further, that the 
victory of the parasites would be associated with the destruction of this 
rose-staining substance and of the power of producing it. I was enabled 
to satisfy myself as to the correctness of these predictions. 

Daphnias were infected with anthrax either by direct inoculation as 
described above or by feeding them on yolk of egg, with which some 
of the growth had been mixed’. I also kept individuals in water to 
which had been added some of the isolated poison produced by the 
anthrax, and kindly given to me by my friend Mr Hankin. In this 
last case the poison would attack the animal from the surface and also, 
from the peculiar feeding habits of Daphnia, through the alimentary 
canal. The effect on the animals was (1) that during about the first 
ten hours the power of producing the rose-staining slime was enormously 
increased. This took place to such an extent that, while in the normal 
animal the excessive stimulation due to placing it on the slide for 
examination exhausted the entire store, in the pathological individuals 
on the contrary a sécond (and sometimes a third and fourth) copious 
secretion took place when the first was washed away by a stream of 
water. (2) The blood corpuscles discharged their rose-staining granules 
at the same time becoming more adhesive, and then, but at a later 
period, the corpuscles disintegrated. The discharge of the rose-staining 
substance into the plasma sometimes tedk place to such an extent that 
that fluid itself took a rose tint, a phenomenon never observed in a 
normal animal. (3) Lastly, and this proves that the rose-staining 
substance is not a product of the microbes themselves, just before the 
animal died the whole rose-reaction both inside and outside the body 
was destroyed. 

We are now in a position to point out the general similarity in the 
behaviour of both ectoderm cells and blood cells towards microbes. 
Metschnikoff has shown that all the blood cells of Daphnia are 
phagocytes (/), and the same observer has also furnished us with an in- 
stance of phagocytic action on the part of the ectoderm cells of certain 
polyps (). Similarly the inclusion of anthrax rods in the ectoderm 
cells of Daphnia show that these too have a limited phagocytic activity. 
Also both blood cells and ectoderm cells, as a feature of the conflict of 
the animal with the microbic poisons, discharge a rose-staining substance 
previously stored in their cell substance. 

The power of forming a slime on the surface of the body is widely 


J am unfortunately unable to give the details of experiments as fully as I should wish, 
owing to the fact that the complete record of them was lost by shipwreck. 
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diffused in the animal kingdom, and if we review what is known as to 
the manner of its formation the similarity pointed out above between 
ectoderm cells and blood cells obtains additional interest. In many 
animals, such as Platyhelminthes and Vertebrates, it appears like that 
of Daphnia to be entirely of ectodermal origin, being formed by 
uni- or multicellular ectodermal glands, in others however mesodermal 
elements in the form of wander-cells laden with granules contribute 
to it. 

Durham has shown that in Echinoderms the slime is formed by the 
disintegration of wander-cells which have migrated through the thin 
walls of the dermal branchiae on to the surface (e), and I would 
emphasize the fact that these cells are loaded with granules. Durham 
styles them “spheruliferous,” and quotes the description of Hamann 
Eiförmige, stark lichtbrechenden Körnchen erfüllten Zellen.“ It is 
most unfortunate that no attention was paid to the histochemical 
character of these granules. Wander-cells may also furnish some as 
yet unknown constituent of the slime formed on various mucous 
membranes of the higher Mammalia. Metschnikoff (7) has shown 
that the cells which wander into the mucus covering the tonsils are 
phagocytes, but this does not exclude them from possibly furnishing 
some substance which is dissolved in the slime and is inimical to the 
microbes. I have examined the cells found in the nasal discharge 
during catarrh with the object of determining their histological reactions. 
The discharge was exceedingly copious, very viscid, and colourless. In 
spite of its transparency it contained countless multitudes of cells which 
were almost entirely of one type, namely, small cells with readily 
staining nuclei and recalling the microphages of the tonsils. The cell 
substance contained ill-defined granules which gave a marked rose- 
reaction with methylene blue. Preparations stained with the 
object of demonstrating the presence of microbes showed various cocci 
and short bacilli in insignificant numbers. With such a copious 


discharge so continually being removed, this is of course what might 


have been expected. 

What has been said in the foregoing pages allows us to offer two 
suggestions as to the way in which the surface slime of animals protects 
them. 

(1) It may have a mechanical action. I think we may take it for 
granted that the presence of a film of soluble slime on the 
surface of an animal immersed in water would, like the 
copper sheathing of ships, mechanically prevent the occur- 
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rence of parasitic growths by continually forming a fresh 
surface. 

(2) The slime may have a specific poisonous power 
directed mainly perhaps against the more minute and subtle 
forms of vegetable parasites. We have seen that exposure to the 
poisons produced by anthrax causes an increased elimination of a 
rose-staining substance both on to the external surface and into the 
blood plasma, and Hankin has shown that the blood serum of 
animals contains a substance which has a bactericidal action and to 
which the name “alexine” has been applied. This alexine he believes 
has its origin in the blood corpuscles. | 

By this brilliant suggestion he.has given fresh force to the conception 
of Ranvier, who long ago styled the granule-bearing wander-cells 
unicellular glands. May we not also suggest that the rose-reacting 
substance of Daphnia, whether derived from the ectoderm, or from the 
blood cells, has a specific bactericidal action and contains an alexine ? 
It is always produced in increased quantities when the animal is 
infected with pathogenic growths, and it cannot be regarded as merely 
a product of the microbes in or on the body of the animal since the 
first change which occurs when the microbes finally have the upper 
hand in the conflict is the entire destruction of the rose-staining matter. 
Lastly, may not the increased production of the rose-reacting substance 
upon an appropriate stimulus be compared with the increased production 
of ferments by the glands of the alimentary canal which occurs when 
these glands are stimulated by the presence in the blood of the 
absorbed products of digestion ? 

Such a conception as this finds its support in the wonderful 
phagocyte theory of Metschnikoff. Miss Greenwood has shown 
that an Amoeba digests its food in vacuoles by a ferment-like action, 
similarly the killing and digestion of a microbe in the vacuole of a 
phagocyte depends on the capacity of the cell substance of the latter for 
producing substances deleterious to the microbe. Having this thought 
in my mind I sought long and anxiously for Daphnias whose blood was 
infected with parasites’. Only once however did I succeed in seeing a 
foreign body ingested by a blood cell. 

I fortunately saw the cell come to rest on the wall of the blood 
space in the shell. It was kept under observation and figures drawn at 
intervals, They show a gradual diminution in the number of rose- 


An anthrax bacillus would not be readily detected in a living cell moving in the blood- 
stream. 
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staining granules until all trace of them had disappeared. The cell 
remained actively amoeboid for as long as I was able to watch it, the 
protoplasm streaming round the enclosed body. This point however 
can only be settled by the study afresh of individuals infected with the 
classical Sprosspilzkrankheit.“ These I have not been able to obtain. 
Still there are two observations which lend additional support to the 
suggestion that the rose-staining granule is related to or forms the 
antecedent of the ferment by the aid of which the phagocyte digests its 
prey. They are (1) the fact that the ferment- containing slime of the 
Ammocoetes is derived from zymogen gran which give the charac- 
teristic rose-reaction, and (2) that as I have mentioned elsewhere the 
secretory granules nearest the lumen of the alveoli of salivary glands, 
similarly colour rose with methylene blue. 

In Daphnia as was shown by Metschnik off (9) the blood cells are all 
phagocytes. In the higher type Astacus there are three kinds of wander- 
cells, two only of which appear to be phagocytes, the third cell con- 
tains abundant granules which, like those of the cells which wander out 
to form the surface slime of Echinoderms, contain stark licht brechenden 
kérnchen.” In fact, in studying the blood corpuscles of the Crustacea 
we find every stage in their specialization. The primitive wander-cell 
is found in the larvae of Daphnia while still within the brood pouch, 
where it appears as a small amoeboid mass, free from granules and 
about half the size of the corpuscle of the adult. But though there are 
no granules the entire cell gives a faint but distinct rose-reaction. 
Next, in the adult, the cell may be said to have attained to the status 
of a gland which stores the products of its activity as spherules in its 
cell substance. The granules now stain rose, the cell substance remains 
unstained or becomes blue only after prolonged exposure to the dye. 
Lastly, in Astacus we have different types of wander-cells each of the 
gland type but markedly distinct in form and in their histochemical 
reactions. 


* 
5 
1 
| 
1 
| 
1 
4 
| 
— ’ 


PROTECTIVE FUNCTIONS OF SKIN. 319 


LIST OF PAPERS REFERRED TO IN THE PRECEDING 
PAGES. 


(1) Fr. Leydig. Naturgeschichte der Daphniden. Tübingen, 1860. 

(2) C. Claus. “Zur Kenntniss der Organisation u. des feinern Baues 
der Daphniden u. verwandter Cladoceren.” Zeits. f. wiss. Zool., Bd. XXVII. 
p. 362, 1876. 

(3) Hardy. The Blood Corpuscles of the Crustacea.” Journ. of Phys. 
Vol. XIII. p. 165, 1892. . 

(4) Hardy. On the Reaction of Certain Cells with Methylene Blue.” 
Proc. Camb, Phil. Soc., 1892. 

(5) R Alcock. “The Digestive Processes of Ammocoetes.” Proc. 
Camb. Phil. Soc., 1892. 

(6) Durham. “On Wandering Cells in Echinoderms.” Quart. Jour. 
Mier. Sci., Vol. XXXIII. 1891. 

(7) Metschnikoff. Ann. de [Institut Pasteur, No. 7, 1887. 

(8) Ruffer. “On the Phagocytes of the Alimentary Canal.“ Quart. 
Jour. Mier. Sci., Vol. xxx. p. 481, 1890. 

(9) Metschnikoff. “Arb. aus d. Zool. Inst. in Wien u. Triest.“ 
Bd. v. 1884. 


PH. XIII. 21 


* 4 = 7 1 
= 4 
] 
* 
* 


ON THE EXCRETION OF URIC ACID, AND ITS ESTI- 
MATION BY HAYCRAFT’S PROCESS. A REPLY. 
By A. HAIG, M.D. 


In a paper in the Journal of Physiology, Vol. v111., I pointed out that 
it was possible, by administering acids and alkalies to the human 
subject, to diminish or increase, to a certain extent at pleasure, the 
excretion of uric acid in the urine. I also pointed out that this 
accorded very well with what was known as to the physiological 
excretion of uric acid, namely that the excretion, when the acidity of 
the urine was low in the morning in what Sir W. Roberts has called 
the “alkaline tide,” is much larger than at any other period of the 
24 hours, 

My statements and facts have so far as I know never been called in 
question till in the same Journal, Vol. XII., Nos. 5 and 6, papers 
appeared by Dr Herringham and Messrs Davies and Groves on 
the excretion of uric acid and urea and the estimation of uric acid by 
Haycraft’s Process (the one I have made use of). 

Since my first paper appeared I have gone a great deal further, and 
have been able to shew not only that uric acid is excreted from day to 
day and hour to hour physiologically, as well as pathologically, in direct 
relation to the acidity of the urine and the alkalinity of the blood; but 
I have also shewn that the effects on excretion produced by acids and 
alkalies were merely single instances of a general law which I have 
stated somewhat as follows. “All substances which form soluble 
compounds with or increase the solubility of uric acid in the blood 
increase its excretion, while all substances which form insoluble com- 
pounds with it, or diminish its solubility in the blood, diminish its 
excretion.” 

A portion of this statement as regards the relation of the excretion 
of uric acid to the acidity of the urine is called in question in the 
first of the above papers by Herringham and Davies, and I shall 
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devote myself here to this question leaving that of the accuracy of 
Haycraft’s process to be dealt with later on. 

It follows from the above statements that alkalies increase the 
solubility of uric acid in the blood and consequently increase its 
excretion in the urine, while acids diminish the solvent power of the 
blood and consequently diminish the excretion of urates in the urine. 

I take it as granted, for reasons given elsewhere, that uric acid and 
urea are always formed in the relative proportion of 1 of uric acid to 33 
of urea; that when there is an excretion, say 1—40, a portion of the 
uric acid formed is being held back and retained in the body, and when 
there is an excretion of 1 to 20 all the uric acid formed is excreted, and 
in addition some of the urate previously retained passes out with it. 

These preliminaries being settled, I proceed to examine the tables 
given by the above authors on p. 476, stating the acidity as given and 
the relation of uric acid to urea as obtained by dividing the former into 
the latter, and to save trouble I give them in the form of a table. 


Acidity in grs. of | Relation of uric 
Day. pone * acid. acid to urea. 
4-5 31 1-31 
5—6 45 132 
6—7 37 1-34 x 
7-8 63 1—37 
8-9 46 1—28 
9-10 40 137 

10-11 50 1—30 * 
11-12 52 1-37 
12-13 56 1—40 
13-14 52 130 
1415 38 128 
15-16 46 1-31 
16-17 42 |. 4-99 
17-18 38 | 127 x 
18-19 41 135 
19-20 50 | 134 


From this it is seen that on all the days except five which I have 
marked æ, that is in 11 out of 16, the uric acid did vary inversely as the 
acidity ; when the acidity rose it fell and bore a smaller relation to the 
urea, and when the acidity fell it rose and bore a larger relation to the 
urea excreted along with it. 

With regard to these five exceptions I would say that it is necessary 
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to bear in mind that a large excretion of uric acid on any given day 
generally means a large excretion in the “alkaline tide” of that day, 
that is to say in the hours from 6.0 or 7.0 am. to 12.0 noon or 1.0 pm. 

It follows from this that the excretion of uric acid on any one day 
may be to a considerable extent dependent on the acidity of the previous 
day; for instance, if the acidity is strongly raised as by meat and wine 
taken in the evening of one day, the acidity will not affect very much 
the urate excretion of that day, for the great excretion of the day has 
already taken place in the alkaline tide of the morning; but if the 
acidity due to the meat and wine continues high till the morning of the 
following day it will then interfere with the alkaline tide, the largest 
urate excretion of the day, and will produce a great effect on the 
excretion of uric acid in the following 24 hours. Hence it comes about 
that a rise of acidity that shews in the figures of one day (as 5—6) will 
produce a greater effect on the urate excretion of the following day 
(6—7) than in its own. In this way several of the exceptional days 
can. be easily explained, and I often meet with similar results in my 
own working. 

Day 9—10 is a very extraordinary day, for acidity falls very 
markedly, and yet uric acid also falls decidedly, and one might almost 
fancy that the acidity of this and the following day had got accidentally 
transposed. 

If we examine Table II. in the same way, and I need not I think 
go through it, we find that out of 8 days’ work there are two exceptions : 
in the others uric acid did vary inversely as the acidity, and both these 
exceptions can I think be explained by the acidity of one day affecting 
one way or the other the alkaline tide of the next day, as was pointed 
out with regard to the exceptions in Table I. 

I have now shewn (to take the least favourable view of my own 
case) that, from the figures given by the authors in their tables, the uric 
acid did vary in relation to urea inversely as the acidity on 17 days out 
of a total of 24 days; and that most of the exceptions could probably 
be easily explained if all the facts were known. 

I think it is therefore unnecessary to say anything about the 


conclusions which the authors mention in a suggestive rather than a 


probative manner at the end of their paper; they have either not read 
very carefully what I have said on these matters or have misunderstood 
me, hence they regard their figures as much more opposed to my 
results than is really the case. 

I shall now pass on to examine the next paper, that by Herring- 
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ham and Groves (p. 478), though a good deal of what I have to say 
about it will apply equally to this first paper. 

Here my work is comparatively easy because the results are given 
in curves, and the basis of the curve is the one I have always used for 
my own curves 1 of uric acid to 33 of urea, so that when the excretions 
bear exactly this relation the curves of uric acid and urea are super- 


From these curves it may be seen that uric acid was close to or 
above urea on seven occasions: on four of these its rise was due to 
salicylate of soda and, as I have pointed out* that salicylates increase 
the excretion of uric acid I need say no more about these days and of 
the remaining three days, the Ist is May 24—25, when the acidity is 
low—26 grs. and falling slightly: the next is June 10—11, and here 
the acidity falls markedly to 31 grs. from 44 grs.on the previous day, 
and the last is June 15—16; on this and the previous day the acidity 
is low, 21 grs., and it rises on the following day as uric acid falls. So 
that all the marked rises of uric acid in this figure are due to the 
presence of solvents (salicylates or alkalies) and are in complete accord 
with the results of my researches. 

A large excretion on any one day is generally followed by a small 
one on the next day, and this is specially marked when the large 
excretion is produced by salicylates, and this explains the marked fall 
that occurred on some days in the figure, as May 22—23, after salicylate 
of soda on the previous day and apparently in spite of a marked fall of 
acidity; but as I have pointed out“, salicylates and alkalies interfere 
with each other’s action and when they are about equally balanced 
a diminished excretion is the result. 

To finish the matter of the relation of uric acid to acidity I shall 
pass on to Table II. p. 483; here the acidity and uric acid are only 
given on 12 days, and on 8 of these the uric acid did vary inversely as 
the acidity; on 1 day salicylate of soda was taken, and as usual there 
is high acidity and also a high excretion of uric acid. As to the 3 
remaining days, which are exceptions, I believe that what I said above 
about the acidity of one day affecting the alkaline tide of the next, will 
explain the most important of them (July 13—14) and probably the 
others also. 

At p. 483, the authors give it as one of their e “ The 
excretion of uric acid does not vary inversely as the acidity of the 


1 Med. Chi. Trans., Vol. LXXI. p. 125. 
Med. Chi. Trans. Ib. 
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urine ;” but I have just shewn that the great majority of their own 
figures prove that it does so: it appears then that we are disputing not 
about facts but the mode in which they are expressed, and I will at 
once say that when I asserted that uric acid excretion varies inversely 
as the acidity of the urine, I did not intend to postulate any exact 
mathematical ratio; but merely wished to express in as few words as 
possible, the fact that when the acidity curve rises the uric acid curve, 
in its relation to urea, 1 to 33, falls, and when the acidity curve falls the 
uric acid curve rises, and the results of the authors agree with my own 
in proving that this is so. 

I confess however that there is one thing I do not understand, 
namely, why these authors went out of their way to estimate the uric 
acid for days and days with the object of testing this acidity “hypo- 
thesis,” when a few hours’ work in one single day would have sufficed 
to confirm or to absolutely refute my assertions. 

If the excretion of uric acid does not vary with the acidity of the 
urine why is there an increased excretion of uric acid in the alkaline tide ? 
Sir W. Roberts’ tells us, as the result of his own investigations, that 
the absolute hourly excretion of uric acid is three times greater during 
the period of the alkaline tide than during the other periods; and jp 
the British Medical Journal, Vol. I., 1890, p. 1242, I have given curves 
of excretion shewing the great excess in the alkaline tide, and the fact 
that as acidity goes up uric acid goes down. 

Will the authors show by Salkowski’s, or any other method of 
estimating uric acid that has any claims to accuracy, that these are not 
the facts? if they cannot do so, uric acid excretion does vary from day 
to day and hour to hour inversely as the acidity of the urine. 

There is another point in which the results obtained by these 
authors confirm my own without their apparently being aware of the 
fact, for on p. 482 they say “a slight headache occurred on one day, 
May 28th, which however was one of the lowest excretions recorded.” 

Now this is precisely the result I have recorded in almost every 
paper I have written on the relation of headache to the excretion of 
uric acid, and in my paper on Headache’ in the Medico-Chirurgical 
Transactions of 1887, there occurs the following: “I thought that the 
uric acid was if anything slightly diminished on the days on which 
threatenings of headache occurred.” 

1 Urinary and Renal Diseases, Ed. rv. p. 71. 


The relation of a certain form of Headache to the excretion of Uric Acid.” Med. 
Chi. Trans. Vol. LXX. pp. 358-9. 
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And I then go on to point out that it was only when I most care- 
fully separated the urine excreted from the kidney during the headache 
that I found an excess of uric acid. 

In subsequent papers I have mentioned the same facts and have 
pointed out that precisely the same thing is to be seen in the excretion 
of uric acid in epilepsy and other paroxysmal neuroses associated with 
uricacidæmia 

It appears therefore that the authors have completely overlooked 
my statements on the very points which they are engaged in criticising. 

With regard to the pulse traces which the authors reproduce in 
spite of their very unfavourable opinion of Dudgeon’s sphygmograph, 
I can only say that they shew considerable variations in tension, which 
appears to be lower in Nos. 5, 6 and 9, than the others; but as the 
pulse rate and other particulars are not given, and we are not even told 
of the days to which they refer, no conclusions can be drawn. I would 
point out that in my writings on this matter I have closely followed the 
teaching of Dr Broadbent, and in estimating pulse tension have always 
relied quite as much on what could be made out by the finger, on the 
rate of the pulse, and on certain alterations in the sounds of the heart 
as on the pulse trace, however obtained. 

With regard to Dudgeon’s sphygmograph, however, I pointed out 
in a paper which I recently read before the Royal Medical and 
Chirurgical Society', that my traces obtained with this instrument 
might for all practical clinical purposes be regarded as identical with 
those which I shewed along with them, obtained in similar conditions 
by the late Dr Mahomed with his own more elaborate instrument. 

Thus far it will be seen that I have been dealing only with the 
results these authors have obtained with Salkowski’s process and on 
the whole they agree fairly well with my own, and I have done so 
because their results with Haycraft’s process appear to me to be most 
extraordinary; in that on several days in their very short experience 
with it, they have results which differ from anything I have ever met 
with in my own experience of upwards of six years, and if such results 
were to occur in my daily work tomorrow I should at once put them 
down to errors in manipulation, and repeat my analyses to see where 
the error had been. 

Before going further into this matter I will mention a few points as 
to my experience with Haycraft’s process. 


1 See Journals, Lancet, Vol. u. 1891, p. 986, and British Medical Journal, Vol. n. 1891, 
p. 947. 
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It was originally published in the British Medical Journal in 
December, 1885, and as I was then looking out for a satisfactory process 
for estimating uric acid I very soon got the necessary apparatus and 
began work with it: so that I have practically worked with it for 
6 years and in not a few of these I have used it almost every day 
except for a month in summer. 

During this period I have estimated my own excretion on no less 
than 800 days, most of these being in consecutive periods of 6 to 9 
months without a break, and I have my results in the form of curves 
similar to those in the plate given by the authors, so that it is quite 
easy to refer back even over this long period and compare results. 

I have also estimated the excretion in a very large number of other 
people for considerable periods, to note the effect of drugs on disease, 
and have got along with these some records of physiological conditions. 

Speaking generally I have no doubt that my results with others 
must amount in point of number of days to at least 3 or 4 of my own 
records, and I may say that my results with the excretion of others and 
the effects on it of drugs, diet and disease correspond in every particular 
with my own, so that there is not the smallest reason to suppose that 
the results obtained from my own excreta are in any way peculiar, or 
the products of idiosyncrasy; and I have just pointed out that the 
results obtained by these authors with Salkowski’s process are 
practically identical with my own, and illustrate many of the points 
about which I have written. 

The results obtained in 9 years of clinical investigation and 
research, and in 6 years of experience with Haycraft’s process are 
given in outline in a work“, which is now ready; and I must refer my 
readers to this for the further explanation of many points which can 
only be mentioned here in a few words. 

The authors can I think hardly say that my results have been 
quickly found and I trust that on this account they will not reqnire 
twice finding. 

But to return to the question of Haycraft’s process, which is a very 
important one, I must ask the attention of my readers to a matter I 
have mentioned in several papers and which they will find in the above 
mentioned book; namely that arterial tension varies directly as the 
uric acid in the blood’; in other words, that uric acid by acting 
probably on the vasomotor nerves contracts the arterioles all over the 


1 Uric Acid as a factor in the Causation of Disease. J. and A. Churchill, 1892. 
2 Brit. Med. Journ. Vol. 1. 1889. p. 291. 
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body and so raises the arterial tension; I have further pointed out that 
like certain drugs (Digitalis and Erythrophleum)' which raise the 
blood pressure and contract the arterioles, uric acid probably by 
contracting the arterioles of the kidney diminishes the urinary water, 
and so constant is this that I have been able to formulate the law that 
the urinary water varies inversely as the uric acid excreted along with 
it, that is to say, when uric acid is in excess in the urine it is also in 
excess in the blood, and this by bringing about contraction of the 
arterioles of the kidneys diminishes the outflow of water through 
them. 

In proof of this I may point out that the urinary water is scanty in 
the alkaline tide (often little over 30 c. in the hour), when as we have 
seen the excretion of uric acid is three times as great as at any other 
time, and is most profuse in the acid tide of the night (often 60 to 90 cc. 
in the hour), when the excretion of uric acid is at its lowest point and 
the acidity highest. 

It may be thought that the scanty urine of the alkaline tide is due 
to the digestion of breakfast, all the available fluids being required for 
gastric digestion ; but the alkaline tide begins from 1 to 2 hours before 
breakfast and the urine is then also very scanty. I have further been 
able to shew that this scanty urine before breakfast is not due to want 
of fluids in the body, for by taking a small dose of opium in solid form 
I have been able to increase the urine from 53 .c. in 1 hour to 234 C. c. 
in the next, no fluid having been swallowed for 8—9 hours previously : 
the scanty urine was therefore due to fluids being retained in the body 
by contraction of the arterioles of the kidney’. 

Pathologically again the urinary water is extremely scanty during 


the large excretion of uric acid that takes place with a uric acid head- 


ache and the same in an attack of epilepsy; in both cases when the 
blood is cleared of uric acid and the attack passes off the urine is 
profuse and watery. 

The figures given by these authors of their results by Salkowski's 
process afford not a few good instances of the working of this law of the 
inverse relation of water and uric acid in excretion. 

Thus in Table II. p. 483 I notice that the smallest excretion of water 
in the whole table 1260 ¢.c. on 4—5 July coincides with the largest 
relative excretion of uric acid, which on this day bears the relation to 


1 See Dr Lauder Brunton. Pharmacology and Therapeutics, p. 877. 
2 See Brit. Med. Journ. Vol.1. 1890, p. 1241. ‘ Causation of Reduced Arterial Ten- 
sion and Diuresis by Mercury.“ 
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urea of 1 to 28, a relation not again met with in the table, the nearest 
thing to it being a relation of 1—30 under the influence of salicylate 
with a rather low excretion of water 1470 c.c. (July 21—22). 

The highest excretion of water in the table is 2190 c.c. on July 5—6 
with a relation of uric acid to urea of 1—48, so that on this day as 
compared with the previous one there was the largest fluctuation in 
urate excretion in the whole table and also the largest fluctuation in 
urinary water: the large excretion of water on the 2nd of these two 
days was due to the relaxation of arterioles which took place on that 
day reinforced by the amount of water that was held back in the body 
by the contracted arterioles of the previous day’. 

The same thing is seen to some extent in Table I. p. 480, so long as 
we keep to the results by Salkowski’s process: but the excretion of 
water is no doubt influenced by other things besides uric acid, and it is 
only where the fluctuations are so well-marked as to overpower other 
factors that their correspondence is well seen. 

We are now in a position to examine the results obtained by 
Haycraft’s process in Table I. p. 480, and I will take in illustration of 
what I have to say, a day 7—8 vi. 91, 2 days after the last dose of 
salicylate had been taken. 

We have then on this day the following figures, urinary water 
1830 c.c., uric acid (Haycraft) 30°43 grs., urea 441 grs., relation of uric 
acid to urea 1—14°4, We may note also that the urate excretion of 
this day as obtained by Salkowski’s process is only 9°78 grs. (or about 
4 of that obtained by Haycraft’s) giving a relation of uric acid to urea 
of 1—45. 

Now I may say that never in the whole course of my experience 
with Haycraft’s process have I met with such a relative excretion of 
uric acid to urea as 1 to 14 apart from the action of drugs (but none 
were given on this day), or the fluctuations produced by disease (but 
we are told that the health was good). 

The diseases in which such an excretion has been met with may 
almost be reckoned on the fingers of one hand, they are, (1) a severe 
uric acid headache, (2) severe epileptic fit, or a series of fits, (3) very 
severe mental depression, (4) an attack of paroxysmal hemoglobinuria, 
(5) an attack of Raynaud’s disease, (6) splenic leucocythemia, and I 
have given instances of each of these in my book. 

But not only were none of these diseases present but the figures 
given in the tables are to my mind of themselves sufficient to prove 


1 These facts explain the causation of anasarca, see Uric Acid, p. 225. 
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their absence. For in all these diseases without exception when the 
uric acid excretion is so high as a 1—14 relation to urea the urinary 
water is extremely scanty ; but on the day in question the water is not 
in the least scanty, but has risen to 1830c.c. from an excretion of 
1140 cc. on the previous day. 

So that I have two good reasons for asserting that no such high 
excretion of uric acid (30°43 grs.) as is here gravely put down as the 
result obtained by Haycraft’s process did take place. 

The authors will doubtless remark that this is precisely what they 
are contending for, and that Haycraft’s process is untrustworthy ; but 
I must remind them that I have never in the whole of my six years’ 
experience with the process met with such a result and should regard 
it as an error if I did meet with it; there is obviously therefore a great 
difference between my results with this process and their own. 

It will probably be readily granted that in the course of my six 
years’ experience with this process I have found out not a few directions 
in which, as I know to my cost, that considerable errors may be made ; 
and have learned by experience the chief points to attend to if relative 
accuracy is to be attained. 

It has also been seen that my results with Haycraft’s process 
correspond much more to the results obtained by the authors with 
Salkowski’s process than with Haycraft’s, as the remarks I have 
made about this one day might apply almost word for word to several 
others in their table. 

Now on turning to Groves’ paper, p. 487, I see one rather 
important point in which his description of Haycraft’s process is 
hardly correct; for he says, after describing the process, “ We adopted 
the precautions of washing the precipitate until no silver was found in 
the filtrate (showing absence of silver chloride),” but this precaution 
(and it is probably the most important point in the whole process) is 
duly mentioned in Haycraft’s original paper, for we find in the British 
Medical Journal, U. 1885, p. 1100, “ This (the urate of silver precipitate) 
is collected on the asbestos filter and carefully washed until the 
washings give no trace of silver with a drop of salt solution.” 

My experience with this part of the process may be stated in a very 
few words, and it is this, that when I first began to use it I paid far too 
little attention to it and no doubt often greatly over-estimated the uric 
acid in consequence. Later on I found out its importance and I also 
saw that very slight causes, such as a defective light, might easily lead 
one to overlook a slight chloride of silver turbidity, and thus open the 
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gate to considerable error on the side of excess; and this led me to say 
in my description of my working with Haycraft’s process in the 
British Medical Journal, Vol. 1., 1891, “ but I never grudge time to the 
washing process; in other words, where there is the faintest sign of 
a chloride of silver turbidity in the washings I go in for a further 
wash, and sometimes even do one more wash, where there is no tur- 
bidity even after a few minutes. 

But whether the authors went wrong over this or some other part 
of the process really matters very little; it is sufficient for me to point 
out that they ask us to accept as good and reliable results with 
Haycraft’s process an excretion which I should at once put down to 
an error of manipulation; and they not only ask us to credit these 
results, but they ask us to regard them as affording a fair comparison 
of Haycraft’s process with Salkowski's. 

Before I leave this subject I will just mention one more point which 
is not perhaps obvious at first sight to those who have not had practical 
experience of the processes. 

Haycraft’s process is worked on 25 Ce. of urine while Salkowski’s 
process is worked on 200 C. c., therefore the result with Haycraft (errors 
and all) has to be multiplied much more than that of Salkowski to 
obtain the total excretion of any given day. 

Thus to take the day of which we have been speaking with an excre- 
tion of water of 1830 c.c., the result by Haycraft would have to be 
multiplied by 73, that by Salkowski by 9˙1, obviously then a relatively 
small error with Haycraft’s process may be increased largely in the 
total result, and a very little carelessness or even a bad light for seeing 
the chloride of silver turbidity may add several grains to the result. 

This is no fault in the process, but it shews the importance of 
exercising the greatest possible care in conducting the manipulation, 
and I could mention several other points with regard to which I have 
learned something by experience. 

These I think are the main points in these papers, and most of the 
minor points raised will find adequate explanation in the book to which 
I have referred. 

In conclusion I propose to restate my position with regard to 
Hayeraft's process. 

My results with it have been wonderfully constant, and looking back 
over the curves of years it is easily possible to pick out the days on 
which particular drugs having a well-marked action were taken, and 
this alone to my mind is a powerful argument against the validity of 
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the great and irregular variations which these authors have found 
with it. 

I cannot believe that a process which, over this long period, has 
given such constant results in my hands is liable to great errors, and 
still less to inconstant errors except as the result of corresponding errors 
in manipulation. 

I have therefore said and say it again, that Haycraft’s process, ~ 
when properly carried out, may be relied upon to give accurate 
comparative results, which are amply sufficient for all ordinary clinical 


rposes. 

I have no doubt that as much may be said for Salkowski’s process 
though it is not well suited for clinical work. 

I have on several occasions compared my results obtained by both 
processes; but have not published a comparativé series of results 
because I felt that my experience with Salkowski’s process was too 
small to render the comparison a fair one. 

I do not believe (and I think that in this I should have a majority 
of Physiological Chemists with me) that Salkowski’s process is so free 
from liability to error that it can be set up as a standard process by 
which all others must be judged. 

I should certainly hesitate before I adopted the uncomplimentary 
opinion which Mr Groves attributes to Professor Haycraft on p. 488, 
but I do maintain that the “enormous variations” in the results 
obtained by different workers with Haycraft’s process, are, judging by 
my own experience of its constancy, largely due to variations in the 
care and attention which have been paid to certain important points in 
the working of the process. 

A standard process for the estimation of Uric Acid is a thing of the 
future: but results which are sufficiently accurate for all practical 
purposes can now be obtained by anyone who will work steadily for 
some time with either of the above processes; and I have no inclination 
to waste time over theoretical perfection, while I miss the important 
facts that are already within easy reach of all. * 
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THE FIBRES OF RETIFORM TISSUE. By R. A. YOUNG, 
BSc., University Scholar in Physiology, University of London. 


(From the Physiological Laboratory, King’s College, London.) 


A FEW years ago, retiform or reticular tissue was stated to consist of a 
network formed by branching and anastomosing connective tissue cells. 
It was however shown by Bizzozero that the reticulum is composed of 
very fine bundles of connective tissue fibres, and that the fixed cells of 
the tissue are applied to and wrapped round the strands of the network, 
which is thus in great measure concealed. By treatment with dilute 
alkali the cells are dissolved and the reticulum comes clearly into view. 

Prof. Schafer states that in microscopic appearances and reactions, 
the reticular fibres resemble the white fibres of areolar tissue, with 
which they are in the lymphatic glands undoubtedly continuous’. 

F. P. Mall however, who has devoted a considerable amount of 
attention to the structure of retiform tissue, has brought forward the 
hypothesis, that the fibres of the reticulum are not the ordinary 
white connective tissue fibres. In his earlier papers“ he stated that 
the fibres were allied chemically to elastic fibres or rather to the 
membrane or sheath which Schwalbe described as enclosing the 
elastic fibres. 

In a more recent communication’, he has withdrawn this statement, 
and puts forward a fresh theory that the reticular fibres are quite 
distinct from both the yellow and the white fibres of other connective 
tissues. He admits that in microscopic appearances, and action of 
reagents, the reticular fibres are closely similar to the white fibres, 
but that there is a fundamental difference between them, in that the 
white fibres yield gelatin on boiling while the reticular fibres do not. 
Thus, he says that a hot aqueous extract obtained by boiling one 
kilogramme of the mucous membrane of the dog’s intestine for two 
hours, did not gelatinise when cooled in ice. He also states that 
spleen and lymphatic glands deprived of their capsules, and the 
cortex of the kidneys yield no gelatin, and that lungs (minus their 


1 See Quain’s Anatomy, 10th Edit. Vol. 1. Part u. p. 239, and figures 280 and 281, 
p. 240. 
2 ‘*Reticulated and yellow elastic tissues.” Anat. Anseiger, iii. No. 14, 1888. “ Die 
Blut- und Lymphwege im Diinndarm des Hundes.” Abhandl. d. math. phys. Classe der 
x. Sachsischen Gesellsch. der Wiss. xtv. No. iii. 1887. 

3 “Das reticulirte Gewebe.“ Ibid, xvi, No. 14, 
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bronchi), and liver (deprived of Glisson’s capsule) yield only traces. 
He therefore supposes that the interstitial tissue in the organs just 
enumerated is made up of the same peculiar reticular fibres. 

Mall’s views were brought to Prof. Halliburton’s notice by 
Prof. Schafer; and under the superintendence of the former I have 
made a series of experiments on the subject. 

Mall does not state the volume of water he employed in his 
experiments; it is well known that solutions of gelatin of less 
strength than 1 per cent. do not gelatinise, and when one considers 
how very fine the fibres of the reticulum are, one would not expect 
to obtain much gelatin even if the fibres are like the white fibres, 
collagenous in nature. 

The method I adopted was the following :—the tissue is removed, 
weighed and minced as soon as possible after the animal has been 
killed. It is then boiled for an hour with enough water to cover it, 
and the extract is filtered through a hot water funnel into alcohol. An 
abundant precipitate is produced; this, after standing a few hours, is 
collected, dissolved in boiling water, and filtered; an insoluble residue 
of coagulated proteid remains on the filter, and the filtrate will contain 
the gelatin if any is present. This is concentrated to a small bulk, and 
allowed to cool. If gelatin is present it sets into a jelly. 

The results obtained were the following: 

(a) 41 grammes of the mucous membrane of the intestine of a cat 
yielded a few cubic centimetres of a firm jelly. 

(6) 183 grammes of the mucous membrane of the intestine of a 
sheep yielded a firm jelly occupying about a third of a small test tube. 


(e) 48°5 grammes of the mucous membrane of the intestine of a 


rabbit yielded a few cubic centimetres of jelly. 

(d) 9 grammes of dog’s lymphatic glands stripped of their capsules 
yielded a few drops of jelly. 

It should be stated that in the preparation of the mucosa, the 
greatest care was exercised in not obtaining any of the submucosa 
also. In the dog and cat this is easy; the muscular coats are first 
removed from the outer surface of the well-marked submucous coat; 
this abolishes the folds of the mucous membrane, which can then be 
easily scraped off with the back of a scalpel from the inner surface 
of the submucosa. In the case of the sheep and rabbit, the submucous 
coat is not nearly so well-marked, but care was taken to scrape away 
only the surface parts of the mucous membrane. 


tubes were chown ot the meeting of the Goiety at King’s 
College on March 12th, 1892, 
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The dog was the animal used by Mall in his experiments; it was 
therefore judged advisable that some quantitative experiments should 
be performed with the mucous membrane of its intestine. Qualitatively 
the result was the same as in the other cases already described. 

The estimation of the gelatin obtainable was performed as follows :— 
The mucous membrane is weighed, minced finely, and extracted with 
four successive quantities of boiling water; in each extraction the water 
is boiled with the tissue for about an hour. The aqueous extracts are 
filtered hot into alcohol; the gelatin and proteid so precipitated are 
after a few hours’ standing filtered off; the precipitate is collected, and 
extracted with two successive quantities of boiling water; each ex- 
traction lasting ten minutes; these extracts were filtered hot into 
alcohol. The precipitated gelatin is collected on a filter. A small 
quantity of it is dissolved in hot water, and on cooling and standing it 
forms a clear jelly. This small quantity together with the remainder of 
the precipitate on the filter is again dissolved in hot water, and filtered 
hot into alcohol. The object of this repeated solution in hot water and 
precipitation by alcohol is to free the gelatin from admixture with 
proteid. No doubt a little proteose or peptone was formed by the 
action of the boiling water, so that the final result is perhaps a little 
too high. 

The final precipitate of gelatin is collected on a weighed filter 
of known ash, washed with hot alcohol, dried at 110°C. to constant 
weight, and weighed. The ash present is then determined by incine- 
rating.the filter with its contents, and weighing the ash in a previou 
dried and weighed crucible. Two experiments were made: in the fi 
202 grammes of mucous membrane of dog’s stomach and intestine 
yielded 0°698 gr. of precipitate, the ash of which allowing for the 
filter ash was 0°042. Therefore the percentage of gelatin was 0328. 
In the second experiment 150 gr. of the same tissue from another dog 
yielded 0°248 gr. of gelatin (less ash), i.e. 0166 per cent. of gelatin was 
present. 

The general outcome of the research is that retiform tissue as 
contained in the alimentary mucous membrane and lymphatic glands 
yields a small amount of gelatin, which is however capable of being 
estimated quantitatively. There are therefore no grounds for supposing 
with Mall that the fibres which compose the reticulum are different 
from the white fibres in other connective tissues. Microscopically they 
have the same characteristics, and the present research shows that they 
are also the same in chemical composition, 


7 > 

1 

q 

‘ 

4 

4. 
* 

20 

* 
* 

a 

; 
> 
> 

4 

‘ 


A PHYSIOLOGICAL, HISTOLOGICAL AND CLINICAL 
STUDY OF THE DEGENERATION AND REGENE- 
RATION IN PERIPHERAL NERVE FIBRES AFTER 
SEVERANCE OF THEIR CONNECTIONS WITH THE 
NERVE CENTRES. By W. H. HOWELL, Ph. D., M. D., 
Prof. of Physiology and Histology, anp G. C. HUBER, M. D., 
Instructor in Histology, University of Michigan. Plates XII.— 
XVII. 


THE interest which the degeneration and regeneration of peripheral 
nerve fibres has aroused, especially among physiologists and surgeons, is 
fully shown by the extraordinarily voluminous literature bearing upon 
the subject. The changes which take place during these processes 
have been observed and described with more or less completeness over 
and over again, so that it would seem almost impossible to add any 
strikingly new observations to those already recorded. In our investi- 
gations we have borne in mind the leading questions’ as to the 
possibility of a “union and return of function in severed nerves without 
degeneration of the distal portion,” and, furthermore, the “ possibility of 
union with return of function between the central portion of any one 
spinal nerve and the distal portion of any other.” It may be said that 
to both of these questions our work, physiological and histological, has 
given, for the animal experimented upon, the most satisfactory and 
unmistakable answers. With reference to the more difficult under- 
taking of a complete description of the histogenesis of the regenerated 
fibres, which we have attempted to include in this research, our results 
are in the nature of the case far less convincing. In this, as in other 
histological problems, the facts may bear several interpretations, and 
the piecing together of the whole story from many isolated observations 
is necessarily attended with many chances of error. We believe, how- 
ever, that our work in this field has given results of positive value, 
It should be stated that this paper was written in competition for a prize offered by 
the American Physiological Society for the best research bearing upon the points stated. 
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though some points of importance have been left untouched. In order 
to make as complete a presentation of the whole subject as possible, we 
have divided the paper into three portions. In the first a brief review 
of the previous experimental work upon degeneration and regeneration 
is given in order that the points most in dispute may be clearly brought 
forward. In the second an account of our own experimental work upon 
the physiology and histology of degeneration and regeneration is presented. 
In this, of course, all the original work of the investigation is found. In 
the third portion an attempt has been made to collect the most important 
of the surgical cases of primary and secondary suture for the purpose of 
a critical study of them as a whole, with special reference to the 
possibility of union by first intention with immediate return of function, 
and also to show statistically the failures and successes attending such 
operations. 
PART I. 
Review of previous Experimental Work. 

The possibility of a reunion of the two ends of a divided nerve 
seems to have been a subject of discussion in the earliest medical 
writings. At first, apparently, the discussion was to determine whether 
a severed nerve can grow together. But after the establishment of this 
fact, it became further a matter of investigation to determine whether 
on the one hand there was a return of function to the nerve, and on the 
other whether the cicatrix uniting the severed ends was composed of 
true nerve tissue. Accordingly the problem was treated both from a 
physiological and a histological standpoint. Microscopic examination, 
according to some, proved that the cicatrix was composed of genuine 
nerve elements or tissue, while others obtained different results. 
Mayer“ treated the two ends of the nerve and the uniting tissue with 
nitric acid, and thought from the behaviour of the tissue toward this 
reagent that he had demonstrated the true nervous nature of the 
cicatrix. Modern experimental examination by physiological methods 
seems to have begun with the ingenious experiments of Cruikshank 
and of Haighton, published in the same year in the Phil. Trans., 1795. 
Cruikshank divided the vago-sympathetic trunk, in the neck of the 
dog, on both sides and proved that death invariably followed within a 
short time. He then cut the nerve on one side alone, and found that 
the animal survived without apparent injury. Finally he divided the 


1 The authors quoted are given in the list of references at the end of this section, 
arranged in alphabetical order. 
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nerve on one side, and after an interval of three weeks cut the other 
side also. The animal lived, proving that the nerve first severed must 
have united and become functional. Haighton performed the same 
experiment, but allowed longer intervals between the successive sections, 
and obtained better results; the animal in one case living nineteen 
months after the second operation. He further showed that in this last 
animal, which had completely recovered from the first operation, section 
of the nerve on both sides,—below the place of the original section — 
was followed by death within two days. It is rather curious that 
similar experiments have been made within quite recent times by - 
Gluck and by Bakowiecki without knowledge, apparently, of the 
older results. The experiment is a difficult one to interpret clearly, 
especially as Gluck states that though he obtained, like the older 
investigators, an apparently successful union of the divided vagus (in 
rabbits), since section of the second nerve eight days after the first did 
not result in the usual rapid death of the animal, nevertheless stimu- 
lation of the vagus which had united did not give inhibition of the 
heart. We must believe, then, either that the united nerve was no 
longer irritable to artificial (electrical) stimuli, though it could conduct 
normal impulses, or that the cardiac fibres had failed to unite. 
Obviously the argument is not entirely satisfactory, and it may be that 
some other explanation of the efficacy of the long interval between the 
two successive sections will be found. A more direct and satisfactory 
proof, on the physiological side, that united nerves may become 
functional was given by the celebrated experiments of Flourens. This 
distinguished physiologist cut the two principal trunks of the brachial 
plexus in the fowl, going one to the upper and one to the lower surface 
of the wing. The ends were then cross sutured. After some months 
the bird, regained the use of its wing and, more than that, mechanical 
stimulation of the central end of the upper trunk caused movements of 
the muscles of the lower surface of the wing and vice versa. We have 
not seen the account given by Flourens of this experiment. From 
the account given by Milne Edwards the nerves divided and cross 
sutured were the N. brachialis longus superior (musculo-spiral or radial) 
and the N. brachialis longus inferior, which gives off branches corre- 
sponding to the median and ulnar in mammalia. No more satisfactory 
experiment than this could be desired. Since Flourens’ time similar 
results on lower animals and surgical operations on the human being 
have demonstrated beyond question that a severed nerve may become 
functional again, if the two ends succeed in making union. Whether 
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on the other hand the distal end of one severed motor nerve will unite 
with the central end of another has not been so satisfactorily shown. 
The experiment of Flourens, quoted above, would seem to prove that 
this is possible, but there has been a lack of corroborative experiments 
on other motor nerves. It may be said, however, that our own experi- 
ments on the median and ulnar nerves in the dog have given us the 
clearest proof that such union is possible. With reference to the still 
wider and more difficult question of the possibility of the union of the 
central end of a sensory nerve with the peripheral end of a motor 
nerve, or the reverse, the results of the numerous experiments made 
are conflicting. In fact the question is a complicated one and the 
results of the experiments are difficult to understand, largely because 
the whole interpretation turns on the fate of the peripheral nerve. 
The older experimenters, Bidder, Schiff, Philippeau and Vulpian, 
et al., used chiefly the hypoglossal and the lingual nerves for experiments, 
and, as a rule, sutured the peripheral end of the hypoglossal to the 
central end of the lingual. The idea that lay behind the experiments 
was to determine whether the motor and sensory fibres can conduct 
impulses in either direction. Now in the peripheral end of the nerve 
in the case under consideration it is a question in dispute whether the 
axis cylinders are outgrowths from the central stump of the lingual, or 
whether they belong to the peripheral hypoglossal end. In the latter 
case, moreover, they may be either the old axis cylinders of the hypo- 
glossal which have escaped degeneration, or they may be newly formed 
by processes of regeneration in the peripheral end. If the axis cylinders 
are outgrowths from the lingual fibres, then the original purpose of the 
experiment fails, in part at least, since the peripheral fibres are then in 
reality sensory fibres. If we leave this point aside and ask simply 
whether it is possible to unite a sensory nerve to a motor, e. g, the 
central end of the lingual to the distal end of the hypoglossal, and get 
union and a functional nerve, the results of the experiments made give 
a partially satisfactory answer. Philippeau and Vulpian, Bidder, 
and Rosenthal have been able to show that the two nerves unite, that 
stimulation of the peripheral end gives sensation and reflex movements, 
and that stimulation of the central end gives movements of the tongue. 
The establishment of the sensory paths may be due to the direct union 
of the old sensory fibres in the hypoglossal (it is known that the 
hypoglossal normally contains some sensory fibres) with those in the 
lingual, or to the secondary union of new fibres formed in the peripheral 
end of the hypoglossal with the sensory fibres of the lingual, or to the 
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outgrowth of sensory fibres from the lingual end,—the physiological 
experiments throw no light upon these possibilities. As to the motor 
phenomena, the movements of the tongue from stimulation of the 
lingual end of the sutured nerves,—whether the fibres of the peripheral 
end are outgrowths from the central end, or whether they belong to the 
peripheral end, and in the latter case whether there is primary union 
or union after regeneration,—the experiments would seem to prove that 
a sensory impulse can be transmitted centrifugally, since under the 
conditions given it must travel peripheralward for some distance over 
the lingual fibres. But, unfortunately, any conclusion which we might 
wish to draw from such experiments is rendered uncertain by the 
discovery made by Philippeau and Vulpian, and afterwards con- 
firmed by Cyon, Bleuler and Lehmann, and by Heidenhain, 
according to which stimulation of the uninjured lingual nerve after 
previous section of the hypoglossal will cause movements of the 
tongue. 

This so-called pseudo-motor activity of a sensory nerve seems to be 
caused, according to the explanation given by Heidenhain, by an 
increased secretion of lymph, which acts as a stimulus to the partially 
destroyed end plates of the muscle fibres. The chorda tympani fibres 
of the lingual are responsible for this action. It is, therefore, open to 
question whether, in the case of union of central end of lingual with 
peripheral end of hypoglossal, it is not these efferent fibres in the 
lingual which grow out, and, making their usual terminations, produce 
upon stimulation a movement which has been mistaken for a genuine 
muscular contraction. The experiments of Reichert and Schiff on 
union of the vagus and hypoglossal are probably open to the same 
objections. This possibility seems to throw some doubt upon the 
deductions which have been made from these experiments, so that, as 
was said in the beginning, the interpretation of the results is at present 
unsatisfactory. We might sum up this side of the subject by saying 
that it has been demonstrated that a spinal nerve when severed can 
reunite with return of functional activity; that with the evidence we 
have to offer, it may equally be asserted that the peripheral end of one 
spinal nerve can unite with the central end of auother with return of 
function; but that there are no completely satisfactory experiments to 
show that a pure motor trunk can unite with a pure sensory trunk 
with return of function to the peripheral portion. 

Although the physiological fact is very clear that a severed spinal 
nerve can reunite, with or without suture, and become functional, the 
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series of histological changes through which this is effected is not at all 
clearly made out. The problem to the older histologists was confined 
only to the cicatrix that united the two ends It was soon demon- 
strated, however, by Schwann, by Steinruck, by Nasse, by 
Guenther and Schoen and others, that this intermediate piece 
contains true nerve fibres. Nasse also described with accuracy the 
degenerative changes which take place in the peripheral end after 
section. He was apparently the first to observe the breaking-up of the 
myeline sheath into segments and afterwards into irregular masses 
and small balls. Nasse seems to have believed, however, that these 
degenerative changes affect the peripheral end only when functional 
union with the central end does not take place. Though he and 
others, therefore; knew that when a peripheral nerve is separated 
from the nerve centres the portion separated undergoes degeneration, it 
is to the insistence of Waller, in his numerous publications, that we 
owe the general acceptance of this, the most fundamental fact in 
connection with the subject of nerve injuries. Waller, indeed, believed 
that in every case of section of a nerve trunk, whether union is made 
with the central end or not, the entire peripheral portion undergoes 
degeneration, and, moreover, that this degeneration is complete, not 
only the myeline but the axis cylinder and the sheath of Schwann as 
well going to ground. 

How far Waller’s views are accepted at present it is hard to say. 
Everyone believes that when a nerve is sectioned and the two ends are 
not brought together the peripheral end undergoes degeneration. But 
even under these circumstances there is no agreement as to the extent 
of the degenerative changes. All admit that the myeline disappears. 
Indeed this phenomenon is too evident to permit of any discussion. 
The descriptions given by the various observers of the degeneration of 
the myeline are in general the same, and are as follows. The continuous 
sheath of myeline first breaks up into cylindrical segments, correspond- 
ing, according to the observations of Ranvier, Colasanti and others, 
to the segments of Lantermann. These gradually disintegrate into 
smaller fragments and balls, and are eventually absorbed, though the 
process is slow, especially towards the end. Even after regeneration (in 
cases of union) has set in, scattered balls of myeline are found in the 
Sheaths of the old fibres. Neumann, Eichhorst, Mayer, et al., speak 
of the myeline as simply undergoing a transformation, not a genuine 
absorption, of such a character that at the time of regeneration it can be 
reconverted into a new myeline sheath. That the myeline undergoes a 
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chemical change during the degeneration has been noticed by Ranvier, 
Neumann, and others, and is shown by the difference in its staining 
with osmic acid and other reagents as compared with the normal fibre. 
The great majority of writers, however, believe that this is only a step 
in the process of complete absorption. According to some accounts (Erb, 
Tizzoni, Neumann) the degenerative changes begin at the wound 
and spread centrifugally, but most observers (Schiff, Hertz, Lent, 
Engelmann, Weir Mitchell, Colasanti, Benecke, Eichhorst) 
state that the segmentation of the myeline begins simultaneously 
throughout the peripheral end. The belief of Erb and Neumann is 
based upon the study of severed nerves in frogs where the changes are 
slower than in mammals. Perhaps their view is explained by the 
observations of Engelmann and of Colasanti upon the differences 
between the immediate and the secondary effect of section. Engel- 
mann states that immediately after section (in frogs) degeneration of 
the myeline takes place in the central and the peripheral ends in the 
internodal segments of the fibres directly involved in the section. 
This immediate degeneration spreads only as far as the Ist node of 
Ranvier. Some days afterwards there comes on a simultaneous 
fragmentation of the myeline throughout the whole peripheral trunk, 
owing to the nutritive changes resulting from the separation of the 
fibres from their centres. 

With regard to the fate of the axis cylinders in the peripheral end 
there has been a greater divergence of opinion, among the earlier 
observers at least. Many (Schiff, Philippeau and Vulpian, Erb, 
Weir Mitchell, Remak, Bidder, Korybutt-Daskiewicz, Wol- 
berg) assert that the axis cylinder remains intact during the degenera- 
tive changes. In his book on electro-therapeutics when speaking of 
nerve degeneration Erb describes the degeneration of the axis, from 
which we may infer that he has changed his view since the publica- 
tion of his paper. Neumann and Eichhorst advocate the view that 
the substance of the axis cylinder undergoes a metamorphosis during 
degeneration, but does not actually disappear. Its substance becomes 
fused with that of the altered myeline to make the so-called protoplasm 
of the new fibre during the first period of regeneration. This ap- 
parently homogeneous protoplasm afterwards differentiates with the for- 
mation of a new axis cylinder and medullary sheath. Most of the recent 
papers, however, agree in stating that the axis cylinder goes to ground 
along with the myeline. Ranvier, Waller, Benecke, Leegaard and 
others take this view. Indeed it is difficult to understand, with the 
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modern methods of staining, how anyone can doubt that the axis 
cylinder is destroyed. Its fragmentation and gradual absorption are 
certainly as plain as the simultaneous changes in the myeline. Never- 
theless Wolberg in a very recent paper states his belief that the axis 
cylinder persists, and in Vol. II. of the Handbuch der Physiologie 
Hermann, after summing up the various views, states his belief that 
the axis cylinder remains unchanged during the degeneration. Accord- 
ing to Ranvier, the first actual disruption of the axis cylinder takes 
place at the level of the internodal nuclei. At these points the active 
growth of the protoplasm surrounding the nucleus breaks the myeline 
and the axis cylinder at about the fourth day after the section (in dog), 
at the time, in fact, when physiological examination first shows a loss of 
irritability. This mechanical explanation of the beginning of the 
fragmentation of the axis cylinder and the myeline is not supported 

by later observers—Colasanti, Leegaard and others. In fact 
the immediate cause of the breaking-up of the myeline as well as 
of the axis does not show itself to the microscope. According to the 
best descriptions the axis breaks up along with the myeline and 
gradually disappears during the absorption changes which take place, 
though for many days it is visible in the blocks and balls of myeline, 
first as a central thread, oftentimes coiled more or less, and later as 
irregular fragments. The modern view of the axis cylinder as an 
enormously elongated process of a nerve cell,—a view which is accepted 
both upon embryological and physiological grounds,—almost makes it 
necessary for us to believe that after separation from its nutrient cell it 
should undergo destruction and absorption; though independently of 
any theory the disappearance of the axis cylinder will be accepted as 
demonstrated by anyone who reads the recent literature upon the 
subject. 

The changes, if any, undergone by the primitive sheath during 
peripheral degeneration are not so well known. It is agreed by all 
(with the exception of Engelmann, Schiff and Wolberg) that the 
nuclei of the sheath undergo proliferation, but this is so intimately 
associated with the process of regeneration that it will be best to speak 
of it in that connection. As to the sheath itself, it was formerly 
thought by most writers to remain intact as the sheath of the new 
fibres formed during regeneration. Waller, it is true, believed that 
it disappeared along with the myeline and axis. Ranvier seems 
to hold the same view. Neumann and Benecke believe that after 
the new nerve fibre is formed within the sheath of the old one, this 
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sheath is gradually displaced outward and becomes a part of the general 
endoneurium. Leegaard, on the other hand, seems to believe that the 
sheath persists. Perhaps it may be fairly said that no one has really been 
able to satisfactorily determine what becomes of the old sheath. That a 
nerve fibre or several nerve fibres are formed within it in the beginning 
of regeneration is stated by many, but the later history of the sheath 
has not been traced. This is partly due to the fact that it is not 
possible to stain it differentially from the surrounding connective tissue, 
and partly no doubt arises from the feeling that it is a comparatively 
unimportant part of the fibre. 

Though all are agreed that a degeneration of some or of all of the 
elements of the fibres takes place in the peripheral end when union is 
not made with the central end, there is no such unanimity of opinion as 
to what follows if connection between the two ends is made shortly 
after division. Up to the time of Nasse and Waller it was generally 
believed that regeneration consisted in the formation of new fibres 
between the cut ends, and that the peripheral end suffered no degenera- 
tion, union taking place per primam intentionem. At the present day 
the possibility of such a union is still discussed, especially among the 
surgeons. A number of cases in human surgery are on record, in which, 
apparently, after suture of the ends of the cut nerves, there was an 
immediate return of motion or of sensation or of both. It cannot be 
said that any of these cases are entirely satisfactory. In none of them, 
naturally, could there be any histological examination of the peripheral 
end; in some the cases are so badly reported that it is not possible to 
accept them as they stand, and in the best of them there is, always the 
possibility that the so-called return of sensation or of motion may be in 
reality an example of supplementary or substituted sensibility or motion. 
The extent to which supplementary or vicarious sensibility and motion 
may be developed has been admirably shown for the human being by 
Letievant, Weir Mitchell and others, and for dogs by the well-known 
experiments of Arloing and Tripier. The surgical and anatomical 
criticisms we hope to take up in the section devoted to that part of the 
subject. At present it will be necessary to consider only the evidence 
for union by first intention derived from experiments on lower animals. 
The term, union by first intention, when applied to nerve trunks 
means, when taken literally, an immediate attachment end to end of 
the severed fibres without degeneration and with immediate or rapid 
return of function. But the meaning of the term is extended by some, 
Wolberg for example, to include the union of the fibres of the 
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peripheral end, without previous degeneration, with those of the central 
end, by means of new fibres formed in the cicatricial tissue between the 
cut ends. The essential idea of union by first intention is, therefore, in 
this case, a union of the two ends without degeneration in the 
peripheral portion. Bruch reports a single case of this kind upon a 
young kitten. The details of this we have not been able to obtain, 
and cannot therefore attempt to criticise it. Bruch himself seems to 
have considered it very exceptional. He states his belief that in the 
adult, at least, peripheral degeneration must always take place. Gluck 
is quoted most extensively as having shown the possibility of union by 
first intention. His experiments are of two kinds. In the first place 
he repeated the old experiment of Cruikshank of cutting and suturing 
the vagus nerve of one side (in rabbits), and after a certain interval 
cutting the nerve of the other side. The argument is that if the 
sutured nerve on the first side unites and becomes functional, the 
section of the nerve on the other side will not cause death. In the 
rabbit section of the vagus on both sides causes death, according to 
Gluck, in 30 to 36 hours. If he left an interval of only 8 days 
between the operations he found that the animal lived from 80 to 90 
hours after the second operation. He considers this result a proof that 
the first nerve was partly functional, and since the time was very short, 
he concludes that union must have taken place by first intention. This 
conclusion is entirely unjustifiable unless there is at the same time 
histological proof that no degenerative changes had taken place in the 
peripheral end. But Gluck does not seem to have made a histological 
examination of any kind. Even after an interval of 30 days between 
the two operations section of the vagus eventually proved fatal, and, 
after that long interval, he could not obtain inhibition of the heart by 
direct stimulation of the vagus. The mere result that leaving 8 days 
between the two operations enabled the animal to live some 40 to 50 
hours longer than if both nerves had been cut at the same time, does 
not prove that functional union had taken place. If this short respite 
from death is not accounted for by a degree of adaptation acquired by 
the animal within that time, it is still within the range of probability 
that degeneration had taken place in the peripheral end up to the 
point of the production of “embryonic fibres” which, as the experi- 
ments of Erb, Leegaard, et al., indicate, and as our experiments seem 
to prove, are at least capable of conducting impulses. It must also be 
borne in mind that the vagus contains a large number of non-medul- 
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or second intention of this kind of fibre are subjects which as yet have not 
been investigated. It seems evident that this old experiment on the 
vagus cannot be used to demonstrate union by first intention without 
. corroborative histological work. Bakowiecki reports a similar but 
more successful experiment on the vagus in which also an interval of 
8 days was left between the two operations. Naturally the same 
objections apply to it. The experiment of Gluck to which most 
importance must be attached is the following: The left sciatic nerve 
of a fal was cut and sutured. At first there was complete paralysis of 
the limb, but movements began to return within 50 hours, and were 
perfect in 86 hours. At this time also there was a return of sensation 
to the foot. Gluck then dissected out the sciatic and found that 
stimulation, mechanical as well as electrical, of the nerve above the 
wound caused contractions of the muscles supplied by the sciatic. He 
obtained similar results after 70, 80, and 90 hours, and 6, 8, and 11 
days. The results in these cases are positive and unmistakable, the 
only apparent omission is the failure to make a thorough histological 
examination of the peripheral nerves. Yet when we remember how 
many sections and sutures of peripheral nerves have been made by 
other observers with contrary results, we are justified in hesitating to 
accept these experiments unreservedly until they have been corrobo- 
rated by others, especially as Wolberg, who is a firm believer in 
union by first intention, was unable to obtain similar results in seven 
experiments also made upon fowls, peripheral degeneration occurring in 
all of his cases. Wolberg reports one experiment made upon the 
sciatic of a cat which he claims to be a case of union by first intention, 
but this experiment is incomplete and open to obvious objections. 
The sciatic nerve was exposed and with a sharp knife one bundle was 
cut, the others being untouched. The gap in the nerve was sutured 
and the animal, after 94 hours, was killed and examined. No trace of 
degeneration could be found in either trunk, though previous experi- 
ments had shown him that in a cat degeneration is apparent in the 
peripheral end after 44 hours. It must be remembered that different 
animals of the same species show considerable variation as to the 
time when degeneration begins,—the experiments of others as well as 
our own (see “ Experimental Work”) give striking proof of this. More- 
over the peculiar nature of the operation, the incomplete interruption 
of the lymph and blood supply, may have made the changes of 
degeneration slower in appearing. The experiment is not convincing, 
and it is difficult to see what mechanical or operative advantage it 
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had over a complete section or crushing of the nerve that should have 
led to such an exceptional result. 

In addition to the degenerative changes which take place in the 
peripheral end most authors describe similar changes as occurring in the 
central end, in the immediate neighbourhood of the wound. Usually 
these changes extend only to the first or second node of Ranvier 
above the wound. There has been some discussion as to whether the 
first node forms an impassable boundary to this ascending degeneration. 
The general opinion seems to be that the first node does not form a 
necessary limit, though this is obviously a difficult and perhaps unim- 
portant point to settle. The degeneration in this case seems to be 
essentially a traumatic effect and therefore might vary with the extent 
of the injury. Most authors state that the degeneration in the central 
end takes substantially the same course as that in the peripheral end. 
Ranvier, however, ascribes the change to a very peculiar action of 
leucocytes. These leucocytes migrate into the nerve fibres and devour 
the myeline as far as the first node, and may, in addition, cause the 
destruction of the axis and sheath. As far as we are aware these 
observations have not been supported by recent investigations. 

Following upon the degeneration there comes a period of regenera- 
tion in cases of successful union, during which new nerve fibres are 
built up. The greatest difference of opinion exists as to the nature of 
these changes. Almost everyone who has published anything upon 
the subject differs to some degree at least from other writers, so that to 
present completely all the theories could only be done by briefly 
reviewing each of the important papers. If we consider only the 
general character of the regenerative changes, the various theories may 
be grouped more or less satisfactorily. We have, in the first place, the 
somewhat peculiar view of Neumann, which is supported by Eich- 
horst and, apparently, by Mayer. According to Neumann’s description, 
the degenerative changes affect both myeline and axis in such a way as 
to cause a chemical alteration, resulting in the production of a common 
protoplasmic substance, lying in the old sheath and representing the 
material of the old myeline and axis. The process of regeneration 
consists in a differentiation of this common substance into a new axis 
and a new myeline. The new fibres appear within the protoplasmic 
substance as narrow, pale fibres with, at first, a delicate layer of 
myeline surrounding a relatively large axis. They appear first near 
the central end and grow toward the periphery. Nevertheless this 
growth is discontinuous. Each internodal segment of the new fibre 
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originates separately and becomes united afterwards to the segment 
preceding; thus giving an idea of the meaning of the nodes in the 
adult fibres, As to the immediate cause of this differentiation of the 
protoplasmic substance of the fibres he ascribes it to the influence of 
impulses originating in the centre and passing over the fibres from 
centre to periphery. This seems too indefinite an hypothesis to be 
satisfactory, yet it expresses a fact which Neumann was the first to 
clearly demonstrate, namely, that regeneration can only take place 
after union with the centre and always proceed centrifugally. The 
peculiarity of this theory seems to lie chiefly in the view that the 
new myeline and axis are formed directly from the transformed 
substance of the old, and are not newly made ab initio. Ranvier 
designates the theory as bizarre, but as a matter of fact no paper 
published on the subject contains such a complete and accurate 
description of the changes of degeneration and regeneration as that of 
Neumann. 

Those who believe that the axis cylinder persists throughout peri- 
pheral degeneration need to explain in the regeneration only the appear- 
ance of new myeline and possibly of a new sheath. Remak thought 
that the persistent axis cylinders underwent longitudinal division with 
the formation of several new fibres within the old sheath, but he says 
nothing of the origin of the myeline. Erb describes the myeline as 
forming first near the wound as a thin continuous tube round the axis 
cylinder, but gives no explanation of its origin. Wolberg describes 
the formation of entirely new fibres in the cicatricial tissue from the 
round or oval cells of the perineurium. By means of these fibres 
connection is established between the central and peripheral ends and 
then, when the union is not by first intention, a deposition of myeline 
begins around the axis cylinders in the peripheral fibres. He thinks 
that in some way the nuclei of the sheath are connected with the 
production of myeline, but the details he was not able to discover. 

Those who believe in the destruction of axis and myeline during 
peripheral degeneration must explain the origin of both in regeneration. 
The most fundamental difference of opinion appears with reference to 
the axis cylinder. Waller and Ranvier have taught that the new axis 
is an outgrowth from the central end, and Ranvier's special contribu- 
tion to the subject is his description of how the axis cylinders in the 
central end branch and send down two or more processes which 
penetrate the cicatrix, reach the peripheral end, and then start the 
formation of new fibres. This view is so thoroughly in accord with our 
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present conceptions of the axis cylinder as a process of the nerve cell in 
which it originates that it has come to be generally accepted. Never- 
theless the best of the recent papers which have treated the subject 
from a purely histological standpoint agree in stating that the axis 
is developed anew in the peripheral end and is connected secondarily 
with the central end. This, for instance, is the view of Neumann 
as described above. Leegaard also describes the formation of a 
new axis and myeline from the protoplasm which comes to fill the 
old sheaths after the absorption of the old myeline and axis. The 
new axis and myeline are formed discontinuously in this protoplasm 
and afterwards fuse to a continuous fibre. He claims to have followed 
these changes, but can give no explanation of what initiates them. 
Benecke describes regeneration in the peripheral fibres as follows: 
A few days after degeneration has set in the nuclei of the sheath 
begin to multiply. They increase rapidly, and, after the absorp- 
tion of the old myeline and axis, are the only structures found in the 
sheath. These nuclei, or the cells to which they belong, elongate, 
become spindle-shaped, and fuse to form slender threads lying within 
the sheaths. Eventually they are transformed to young fibres in this 
way. The new myeline develops first in the neighbourhood of the 
nuclei and gradually forms a continuous sheath on the periphery of the 
fibre. The central core persists as the axis cylinder. 

Those who maintain that the new axis cylinders are sprouted from 
the old ones of the central end do not claim to have seen the process. 
As Ranvier says, the fibres in process of regeneration, on account of 
their intricacy, are very difficult objects of study, especially in the 
neighbourhood of the wound at the junction with the old fibres. 
Nothing is easier than to find places where old fibres pass into new 
ones, but the closest study with the methods of staining heretofore 
used, such as osmic acid, shows nothing of the axis cylinder at the point 
of transition. 

The theories of the origin of the axis cylinder though funda- 
mentally different are at least clearly stated, but the development 
of the new myeline is usually described in the vaguest terms. One is 
justified in believing that the origin of the myeline in regeneration 
must be essentially similar to its development in the embryo, but the 
accounts in the latter case are just as unsatisfactory. Waller, Bruch, 
and others thought that the myeline in regeneration, as well as the 
axis, is formed from the central stump. Ranvier, in the papers to 
which we have had access, speaks of the development of the new nerve 
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fibres from the central end, but apparently means to include in this 
only the axis cylinders. In his Pathological Histology (Cornil and 
Ranvier) he states that “The membrane of Schwann, the cellular 
elements which lie in it, and the medullary sheath are alone formed 
from the proliferating cellular elements which have accumulated in the 
interior of the old tube.” In his “Traité Technique” Ranvier speaks 
of each internodal segment of myeline as corresponding to a single cell, 
and this conception is quite generally prevalent at the present time. 
According to Vignal the myeline cells are of epiblastic origin, they 
apply themselves to the axis cylinder during its outgrowth, and form in 
this way a continuous sheath in which the internodal segments are at 
first much shorter than in the adult. This view of the origin of the 
myeline is difficult to reconcile with what is seen during regeneration. 
A more satisfactory hypothesis is given by Koelliker in a tecent 
article. He makes the statement that in the spinal nerves the myeline 
is undoubtedly developed in the periphery, but not from connective 
tissue cells. The nerve fibre in the embryo starts as a protoplasmic 
outgrowth from a nerve cell. In this process a central core becomes 
differentiated from a circumferential layer; later the core becomes the 
axis and the outside layer the myeline, thus making the myeline a part 
of ‘the original process of the nerve cell. The formation of the myeline 
is however influenced in some way by the nuclei scattered along the fibre 
though he is not able to state in just what manner this influence is 
exerted. Koelliker’s work was done upon the batrachian embryo, 
but his theory has many points of resemblance to those of Neumann, 
Leegaard and Benecke given above. It is worthy of special remark 
that Koelliker in the developing fibre, and Neumann, Benecke, 
Bruch, and Wolberg in the regenerating fibre attribute an action of 
some kind to the nuclei, the so-called nuclei of the sheath, in the 
production of the myeline. The older theories of Laveran, Robin, 
and others, according to which the liquid myeline was formed from the 
cells of the sheath as a sort of secretion need not be described in 
detail. 

Finally in the regeneration of severed nerves we have to explain 
the formation of new fibres in the. cicatricial tissue uniting the two 
ends as well as in the peripheral and central ends. Those who believe 
with Waller and Ranvier that the new fibres grow out from the 
central end, suppose that the new fibres simply penetrate the cicatrix 
on their way to the peripheral end. Those who believe in a develop- 
ment of new fibres in the peripheral end within the old sheaths, either 
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say nothing of the events taking place in the cicatrix, or suppose that 
the newly formed fibres penetrate the intervening tissue from the 
central end, or from both central and peripheral ends. Others, as 
Gluck, Laveran, Wolberg, suppose that new fibres are formed within 
the cicatricial tissue itself from leucocytes or from connective tissue 
cells. 

One other hypothesis needs a brief mention before completing this 
review. Philippeau and Vulpian asserted that new nerve fibres 
may be formed within the peripheral end of a severed nerve, even if no 
connection is made with the central end. They spoke of this process as 
autogenetic regeneration, but in their latest work acknowledged that 
the regeneration required a much longer time under such conditions, 
and was never so complete as when union with the central end was 
made. For instance, in young animals autogenetic regeneration did 
not begin after 40 days, while in successful sutures it was far advanced 
at 28 days. In adults regeneration after suture was apparent in 60 
days, but, when union was not made, was not perceptible after several 
months. No one seems to have supported this view within recent 
times except Bowlby in his book “Injuries and Diseases of Nerves.” 
He gives in this book a brief and very incomplete statement of a 
microscopic examination of the peripheral end of the divided nerve in 
three cases of secondary suture, the times between the injury and the 
operation being 7, 9 and 24 months respectively. He says that he was 
able to trace all stages of the development of the new fibres, and 
gives several illustrations which “show these conditions very plainly.” 
If we are permitted to make a judgment from these cuts and from the 
incomplete description which is given of the methods of examination, 
there would seem to be little doubt that Bowlby is in error, The 
only cut which is intelligible (Fig. 10, Cross section of nerve 7 months 
after injury) will be recognized by anyone who has made transverse 
sections of peripheral nerves after degeneration, as showing the cross 
sections of nuclei with central nucleoli and not of nerve fibres with 
central axes. Teased preparations of the nerve give the clearest proof 
of this. We feel justified in making this statement because of the 
similarity of this drawing to many preparations we have made of the 
peripheral end of divided nerves in lower animals and also in the 
human nerve in a case of secondary suture nearly 7 months after 
injury. Teased preparations taken together with cross sections show 
that the appearance in cross section is due to the nuclei and nucleoli, 
the nuclei, as everyone has described, being very abundant in the 
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tissue of the peripheral end under these conditions. It will be noticed 
that in Bowlby’s figure no nuclei are represented. We shall have 
something further to say of this and of what we conceive to be the 
explanation of the statements of Philippeau and Vulpian _ we 
describe our own observations upon oe yma 
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PART II. 


Experimental Work. 


Our experimental work has been partly physiological and partly 
histological; it will make the presentation of results easier if we 
describe them, to a certain extent, separately. 


Physiological Experiments. 


The animals used, with one exception, were dogs. The nerves 
experimented upon were the ulnar on the two sides, and in the case of 
cross sutures the median and the ulnar. Our operations were all made 
with antiseptic precautions, the instruments being sterilized with 
carbolic acid 5°/,, and the wounds carefully washed during and after the 
operation with corrosive sublimate solutions 1 to 8000, or with sterilized 
water. For suturing the nerves carbolized catgut or catgut in juniper 
oil was used. In almost every case two sutures were employed to bring 
the ends of the nerve together, one upon each side, and the needle was 

passed through the epineurium, wounding the nerve itself as little as 
possible. The skin wounds, which, on account of the superficial 
position of the nerves, were always slight, were sewed with catgut or 
sterilized linen thread. With one or two exceptions the wounds healed 
nicely, though not always by first intention. In the exceptional cases 
there was a little suppuration, but not enough to cause any trouble, or 
to interfere, as far as we could ascertain, with the results. In de- 
stroying the nerve to bring about degeneration we employed three 
methods. In most cases the nerve was lifted with a thread and cut 
with sharp scissors, and, in order that there should be as favourable an 
opportunity as possible for immediate union, the two ends were sutured 
at once. In other cases the nerve was crushed by tying tightly around 
it a single stout ligature of catgut. The ligature was immediately 
loosened and the completeness of the destruction at the point of 
ligation was tested by stimulating the nerve above the wound with 
moderate induction currents. If the block was complete no flexion of 
the paw or digits was obtained. Lastly, in order to vary the conditions 
as much as possible, the nerve was coagulated over a small area, an 
eighth of an inch or more, by circulating round it a stream of water 
heated to 80°C. The circulation was continued until stimulation above 
gave no movements of flexion in the foot. At first we used a silver 
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cannula especially made for the purpose, but later a piece of glass 
tubing conveniently bent to encircle the nerve was found to be more 
satisfactory. In all cases the animals were narcotized with morphia and 
ether during the operations. After a certain time the animal was sub- 
mitted to examination. He was narcotized as usual, the nerve was laid 
bare, and its irritability tested in various ways by direct stimulation. 
For stimulating we used ordinarily induction shocks from a Du Bois 
Reymond coil, and generally the unipolar method was employed in 
order to minimize the danger of radiation of stimulus. In this case the 
indifferent electrode was applied to the skin over the sternum, after 
shaving off the hair, while the nerve was touched on different sides with 
the slender stimulating electrode. In some cases the nerve was 
stimulated also in the ordinary way with catheter electrodes, In 
addition a small hammer of hard rubber was made for mechanical 
stimulation. In using this a small block of hard rubber was slipped 
under the nerve and then light blows were struck with the hammer. 
This form of stimulation often proved more efficacious than the elec- 
trical, as the records of the experiments will show. In examining the 
nerve we began usually above the wound, and tested its irritability from 
that point downward with more or less completeness, according to the 
indications, as far as the wrist. Where it was thought advisable the 
flexor carpi ulnaris and flexor profundus muscles were exposed in order 
that their contractions might be observed directly. In some cases the 
irritability of the flexor muscles to direct stimulation was also tested, 
though this idea was not carried out with sufficient thoroughness to 
make the results valuable. In the beginning some attempt was made 
to observe the loss and return of sensation and motion on the living 
animal before the final examination, but the results were so unsatis- 
factory that this method was afterwards abandoned. For the purpose 
we had in view the direct stimulation of the nerve seemed to be all that 
was necessary. We give (pp. 358, 359) a description of all the experi- 
ments made as they were recorded at the time. Afterwards we shall 
discuss the conclusions which seem to be justified by these experiments. 

A careful examination of the facts recorded in the preceding tables 
taken in connection with the histological study of the nerves, the 
details of which will be given later, enable us to draw the following 
conclusions : 

1. In none of our experiments was there a union of the nerve by 
first intention. In all cases the peripheral end degenerated completely 
throughout its whole length. Whether the nerve was cut and sutured, 
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or crushed, or coagulated, made no difference in this respect. Histo- 
logical examination showed the degeneration of the fibres in every case, 
and direct physiological examination proved that after the first four 
days there was complete loss of irritability and conductivity in both 
motor and sensory fibres which lasted until the regenerative changes— 
as shown by histological examination—were well under way. We 
used very young dogs as well as those that were full grown, and our 
experiments, like those of others who have made similar observations, 
prove that in the dog reunion and return of function in severed nerves 
without degeneration of the distal portion is not possible. 

2. With reference to the time after the section is made before loss 
of irritability comes on, our experiments show that it varies greatly 
with the animal. The record shows that in experiment XX., which was 
upon a very young bull pup, there was complete loss of irritability in 
4 days and a partial loss in 2 days. In experiment XXIII., which was 
upon an apparently full-grown dog, the irritability of the peripheral 
end had not disappeared in 3 days. In experiment XII., recorded as a 
young dog, irritability in the peripheral end was perfectly normal 
4 days after section. While in experiment XIII., recorded as full 
grown, the irritability at the end of 4 days had completely disappeared. 
It is usually stated that the younger the dog the more rapid the loss 
of irritability in the peripheral end, but it seems certain that other 
individual differences in the animals, which cannot be definitely 
determined, also influence the result. Guenther and Schoen, Landry, 
Ranvier and others have found also that in dogs the average time at 
which irritability disappears is the fourth day. 

3. The return of irritability and conductivity to the peripheral end 
after union with the intact central end is made takes place readily, in 
primary sutures, but gradually. The first certain indications of a return 
of function, when treated by our method of direct excitation of the 
nerve, were noticed at the end of 21 days, in experiments VIII. and IX. 
Experiment VIIL was made upon a young bull-dog and experiment IX. 
upon a small mongrel which, however, seemed to be full grown. In 
each of these animals the ulnar was cut and sutured on the left side 
and crushed on the right. The return of irritability was imperfect, but 
it will be noticed that it was slightly better on the side crushed than 
on the side sutured, showing that the more normal coaptation of the 
ends of the fibres secured by the former method does make a difference 
in the rapidity of regeneration. It is surprising that the difference is 
not more marked. With reference to the third method of interrupting 
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the physiological continuity of the fibres, the method of coagulation, 
the time necessary for return of function was much longer. At the end 
of 21 days there was no sign of a return of irritability, experiment XIV., 
and even at the end of 35 days, experiment XVI., the return of function 
was very imperfect and was manifest only in the neighbourhood of the 
wound, This result is easily explained. The coagulation caused a 
dead area of an eighth of an inch or more in which, of course, the nerve 
fibres were completely destroyed, so that the experiment was equivalent 
to removing a piece of nerve equal in extent to the coagulated area, 
except that a perfect union of the ends was secured. 

A study of the cases in which functional activity had begun to 
return to the peripheral end, viz., experiments VIII., IX., XVII., XVI., 
XVIII., XIX., XXII., and XXVL, develops the following interesting 
points, the connection of which with the corresponding histological 
changes will be referred to briefly, though for fuller histological details 
the reader is referred to the following section. 

4. The irritability in all cases appeared first, after union was made, 
in the neighbourhood of the wound, and from that point spread 
centrifugally, apparently with great slowness. In the later stages, when 
return of function could be detected as far as the middle of the forearm 
or farther, the irritability was found to be greatest at the wound and to 
grow less and less as one passed toward the periphery (see experiments 
XIX. and XXII.), indicating that the return of irritability at any one 
level was at first imperfect and gradually increased to normal. Histo- 
logical examination of these same nerves showed that irritability had 
only returned to those portions of the peripheral nerve in which the 
regeneration had proceeded so far that some completely formed though 
small medullated fibres could be found. By completely formed fibres 
is meant those possessing both myeline sheath and axis cylinder. 
Moreover the gradual increase in the irritability at any one level 
seemed to go hand in hand with the increase in the number of these 
newly-formed fibres. The increase in irritability, therefore, noticed in 
going toward the wound was probably not due in the motor fibres, 
at least, to any progressive change in the individual fibres as they 
matured, but to the greater number of fibres which were capable of 
excitation and the greater muscular response thereby produced. This 
statement, however, is not meant to exclude the fact that in the 
first stages of regeneration the new fibre possesses a lower degree of 
irritability than the fully formed fibre; proof for this is given under 
the next heading. But the gradual betterment in the irritability of 
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the nerve trunk as a whole seemed to keep pace histologically with 
the increase in the number of the completely formed fibres rather 
than with a progressive regeneration in the single fibres. 

5. In many cases it was distinctly seen that a return of function 
to the sensory fibres preceded the return to the motor fibres (experi- 
ments VIII., IX., XVII., XVI., XVIII., R. S. especially, XIX., XXII.). 
Whether this means that the sensory fibres regenerate more quickly 
than the motor, it is impossible to determine histologically, in the 
experiments as we made them at least. But we are inelined to give to 
it another explanation. Either the form of stimulation generally used 
in these cases (strong mechanical) was more effective upon imperfectly 
regenerated sensory fibres than upon imperfectly regenerated motor 
fibres, or possibly there was a greater difficulty in making proper 
connections on the part of the motor fibres. We may imagine that once 
a functional connection at the wound has been established the path for 
the sensory fibres will be open, but for the motor fibres connection with 
the muscle fibres by end plates must also be made, and this may require 
a longer time. The only safe statement we can make, however, is that 
in going down the peripheral trunk from the wound, the return of irri- 
tability to the sensory fibres is in advance of that to the motor fibres. 

6. Another point of interest to the physiologists brought out by 
the experiments is the difference in the action of the various forms of 
stimuli, particularly the mechanical and electrical. This was noticed 
distinctly in the reactions of both the motor and the sensory fibres, and 
most clearly at the beginning of the return of irritability. As shown 
by the records of experiments XVII. and IX. especially, light me- 
chanical stimulation was often more effective in exciting the fibres than 
quite strong induction shocks. As regeneration advanced and more 
and more of the fibres assumed their normal structure this difference 
became less noticeable. The efficacy of mechanical over electrical 
stimulation was most strikingly shown in the stimulation of sensory 
fibres, a fact which has already been mentioned. During the course of 
regeneration from the 3rd to the 7th week, at least, the lower portion of 
the ulnar nerve from the middle of the forearm to the wrist was quite 
unirritable to the strongest induction shocks. Yet somewhere in this 
stretch, varying with the stage of regeneration, cutting the nerve or 
crushing it with a ligature would arouse sensory impulses, as shown by 
the violent reflex movements of the trunk and limbs. Our histological 
examinations showed that at these levels the vast majority, if not all of 
the nerve fibres, were in that first. stage of regeneration which we have 


ve, > 
. 
* 
* 


364 W. H. HOWELL AND G. C. HUBER, 


called the embryonic stage, since at this time the fibres resemble in 
structure those of early embryonic life. These embryonic fibres are 
described and figured in the histological portion of the paper. It is 
sufficient to say here that they contain no axis cylinder and no myeline 
sheath, but consist simply of a membranous sheath filled with a 
protoplasmic material in which are numerous nuclei occurring at more 
or less regular intervals. Our stimulation experiments taken in con- 
nection with the histological examinations have made us believe that 

such fibres possess a low degree of irritability, and that the violent 
mechanical stimulation used was sufficient to arouse in them a form of 
nerve impulse. 

7. Perhaps the most surprising physiological result which came out 
of our experiments was the marked difference in the time of return of 
the two important properties of the fibres, namely, irritability and 
conductivity. The separation of these two properties has frequently 
been made by physiologists. Schiff has called especial attention to it’, 
and Erb makes mention of it in his work upon the regeneration of 
severed nerves. Erb states that the regenerating fibres will conduct 
impulses originating above, before an impulse can be aroused in them 
by direct electrical stimulation. He was under the erroneous impres- 
sion that the axis cylinder persisted in the peripheral fibres during 
degeneration and that the chief phenomenon of regeneration was the 
appearance of a new myeline sheath. He was, therefore, led to make 
the untenable hypothesis that the presence of the myeline is necessary 
for the action of electrical stimuli, Our experiments have shown in 
the clearest way that, for instance, stimulation of the motor branches to 
the flexor profundus or the flexor carpi ulnaris might be entirely 
ineffective, while stimulation of the central end of the sutured nerve, of 
the wound or of portions below the wound at distances varying with 
the stage of regeneration, would cause a contraction of these muscles. 
The fibres of the motor branches to these muscles undoubtedly con- 
ducted impulses started above, at a time when impulses could not be 
directly aroused in them. Subsequent histological examination showed 
that the great majority of the fibres of the motor branches, and in some 
cases, as far as our examinations could determine, all of the fibres, were 
in the condition of embryonic fibres described in the preceding 
paragraph,—fibres, that is, in which neither axis cylinder nor myeline 
sheath was present. It would seem, then, that the embryonic fibres, 
though unirritable to electrical stimulation, can conduct nerve impulses 

1 Physiologie and Zeit. f. rat, Med. mm. Reihe, xxrx. 221. 
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originated above. It seems to us moreover that it is quite within 
the range of possibility that the paths to the muscles innervated 
by a cut and sutured nerve may be opened to the passage of a voli- 
tional or normal impulse some time before direct electrical stimulation 
of the central end can cause any contractions. Possibly some of the 
very rapid returns of the power of movement reported in surgical 
cases may be due to this difference. It did not occur to us to 
test the hypothesis while making the experiments, though it could 
easily be done by laying bare the muscles and attempting to stimulate 
them reflexly. In the preceding paragraph we have given reasons for 
believing that the “embryonic fibres” possess a low form of irritability, 
since they react to strong mechanical stimulation, in addition to the 
power of conductivity just described. Physiologically then they func- 
tion as nerve fibres though they contain no axis cylinders. We may 
conceive that the undeveloped nerve fibres of the young embryo possess 
similar properties. 

8. The return of function in the sutured nerve which began to 
appear at the 21st day was not perfect at the end of 7 weeks, though 
nearly so at the end of 11 weeks. We have not attempted to construct 
a curve of this return of irritability with reference to the time interval, 
as our experiments were not sufficiently numerous, It seemed to us, 
however, that the return of function after it first put in an appear- 
ance did not improve with the regularity that one would have supposed. 
After the 3rd week there was apparently a slowing of the regenerative 
activity and subsequent to the 5th or 6th week a more rapid improve- 
ment. But it is more than probable that this irregularity was due to 
differences in the animals used or in the success of the operations. 

9. Another curious fact worth a word of mention is that although 
functional activity returns first to the fibres near the wound and spreads 
centrifugally, it does not necessarily follow that the fibres which first 
branch off from the trunk and have the shortest route to travel are the 
first to regenerate. In experiment VIII., L. S., the first return was 
apparently to the fibres distributed to the dorsal interossei of the digits. 
In experiment XIX., R. S., contractions of the flexor profundus were 
obtained when the flexor carpi ulnaris remained unstimulated. While 
both the physiological and histological examinations show that the re- 
generation begins first at the wound, and travels slowly peripheralward, 
so that the shorter the route of the fibre, other things being equal, 
the quicker it will be entirely regenerated, nevertheless, it is apparently 
true that regeneration does not necessarily begin first in the shortest 
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fibres. On the contrary, there seems to be a certain amount of irregu- 
larity as to the fibres in which regeneration starts first, an irregularity 
which will depend doubtless upon variations in the perfection with 
which the two ends are brought into coaptation by the sutures. 

10. In answer to the question whether it is possible to get union 
with return of function between the central portion of any one spinal 
nerve and the distal portion of any other, our experiments, though not 
numerous, are conclusive. In making the experiments we chose the 
ulnar and median nerves and sutured the central end of the median to 
the peripheral end of the ulnar. In experiments XVI. and XVII. we 
also united at the same time the central end of the ulnar to the 
peripheral end of the median, thus making a double cross suture. This 
turned out to be unfortunate, as the four ends of the nerves became 
imbedded at the point of suture in a mass of new cicatricial tissue, so 
that it was not possible to dissect out the median-ulnar tract from the 
ulnar-median tract. In these two experiments the time between 
operation and examination was 4 weeks in experiment XVII. and 
5 weeks in experiment XVI. In the first one stimulation of the 
peripheral end. of the ulnar below the median-ulnar wound and above 
the elbow gave no response whatever. ~ Stimulation of the peripheral 
median at the same level gave flexion of the paw, but. this was after- 
wards explained by the discovery that in dogs the median receives a 
motor branch from the musculo-cutaneous a short distance below the 
place of operation (middle of arm). See notes. In experiment XVI, 
electrical stimulation of the peripheral ulnar at the same level as in 
XVII. gave no response at all, but cutting with the scissors caused 
reflex movements, indicating a beginning of a return of function to the 
sensory fibres, No safe conclusions, however, could be drawn from this 
experiment, owing to the condition of the nerves at the point of suture. 

In experiment XIX. this error was avoided. The central end of the 
median was sutured to the peripheral end of the ulnar, and long pieces 
were then removed from the peripheral stump of the median and the 
central stump of the ulnar, to prevent the possibility of union. This 
animal was examined after seven weeks. As the notes record he was a 
large vigorous hound-pup. Stimulation with electricity of the peri- 
pheral ulnar above the elbow but below the wound gave negative 
results. The results of strong mechanical stimulation, if made, were 
not recorded. Histological examination of the peripheral ulnar at and 
immediately below the wound showed an active regeneration of nerve 
fibres similar in all respects to what was found at the wound of an 


4 
7 


NERVE DEGENERATION AND REGENERATION. 367 


ulnar suture. At the wound many newly-formed medullated fibres 
were found, but at the level of the elbow regeneration had only reached 
the stage of formation of embryonic fibres. 

In experiment XXII., made upon a young healthy spaniel, the same 
operation was performed as in the preceding experiment. The dog was 
kept for 75 days and was given especially good treatment in the way of 
food and exercise. At the examination, the details of which are given 
in the table of experiments, the union of the two nerves was found 
to be exceptionally good,—scarcely any swelling being perceptible. 
Electrical stimulation of the ulnar from the wound down to the wrist 
gave movements of flexion easily. Stimulation (electrical) of a small 
cutaneous branch at the level of the wrist and tying a ligature round 
the trunk of the ulnar at the same level gave reflex movements, showing 
a return of function to the sensory fibres even to that point. Physio- 
logically, then, there was complete proof that the median and ulnar had 
united and that the peripheral ulnar had regained its functional 
activity, both motor and sensory. As stated in the notes, both the 
flexor carpi ulnaris and the flexor profundus digitorum muscles were 
exposed during the stimulation of the ulnar and were seen to contract. 
Histological examination of the peripheral trunk of the ulnar from the 
wound downward gave specimens practically identical with those from 
the ulnar of the other side in which an ordinary ulnar suture had been 
made. In the neighbourhood of the wound very many newly-formed 
fibres were found, having both medullary sheath and axis cylinder. 
Lying in among these were many fibres in the “embryonic stage,” 
without myeline or axis. Similar specimens were obtained from the 
motor branches to the flexor carpi ulnaris and flexor profundus 
digitorum. As we passed down toward the wrist the newly-formed 
fibres became less and less numerous, and more of the embryonic fibres 
were found. At this level were found also capital examples of fibres in 
which a medullary sheath was just appearing, such as will be described 
and figured in the histological portion of the paper. 

Our experiments prove the possibility of the functional union of two 
spinal nerves, but apparently the time required for the regeneration of 
nerve fibres is longer than in the union of two ends of the same nerve. 
Why this should be is difficult to see from a histological standpoint, 
and it may be that it was only apparently the case in our experiments 
because the point of operation was higher up in the arm by two inches, 
in consequence of which, though the regeneration might begin as 
quickly, it would be slower in showing its effect physiologically in 
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causing contractions in the flexor muscles. In this, as in some of the 
similar experiments, the animal was closely watched to see if there was 
any paralysis or awkwardness in his movements. We found that at 
the second day after the operation, with both median and ulnar cut on 
the left side high in the arm, and with the ulnar cut on the right side 
at the level of the elbow, there was very little evidence of any paralysis 
or even awkwardness. The dog jumped in and out of his cage over a 
board two feet high without any difficulty, though occasionally the jar 
seemed to give him pain. Stimulation of the left foot with a needle 
showed sensitiveness to pain everywhere. Before the end of the first 
week the animal was running a round in perfect freedom, and the 
closest scrutiny could detect no awkwardness of movement, except 
possibly in running rapidly upstairs he would frequently stumble with 
his front feet, but whether this was due to the unusual innervation of 
the muscles or was caused by the over-zealous activity characteristic of 
young dogs generally could not be determined. The median and ulnar 
nerves are closely related in their origin and in their muscular distri- 
bution. A more interesting suture would probably be one between the 
musculo-spiral and ulnar in which centres of origin of extensor fibres 
would be obliged to innervate flexor muscles. Our experiments show 
that there is no histological or physiological obstacle to such a union, 
though the functional use of the nerve by the animal might be attended 
with considerable awkwardness of movement in the beginning. 


Histological. 

Methods: In studying the degeneration and regeneration of the 
nerve fibres we have used a number of different histological methods 
some of which proved valuable, while some were almost useless. The 
nerves taken from the animals after the physiological experiments were, 
as a rule, preserved with a view to teasing as well as sectioning. In 
the latter case they were hardened in Mueller's solution for 3 to 6 
weeks, being kept meanwhile in a state of physiological extension by 
the suspension of a weight of 20 grammes or more to one end. The 
hardened specimens were imbedded in paraffine, cut both longitudinally 
and transversely, and stained in duplicate in the picric fuchsin stain of 
Van Giessen, and by the potash gold method of Freud. The former 
of these stains, while it gives rapid and satisfactory results upon the 
normal nerve, was found to be less valuable for the degenerating nerve. 
During the degeneration both axis cylinder and myeline undergo 
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chemical changes, of such a character that the former instead of taking 
the fuchsin readily, stains a greenish yellow so that it can be distin- 
guished from the surrounding myeline only with great difficulty. The 
Freud method proved more satisfactory, but the method of sectioning 
the nerve was found to be less instructive than teasing so that 
toward the end of the research it was abandoned except on occasions 
for purposes of corroboration. In studying the teased nerve we made 
use of three methods. First, the fresh nerve while pinned out was 
hardened and stained in osmic acid for 24 hours, and then washed 
in water for 24 hours, or, in some cases, to facilitate the subsequent 
teasing for from 6 to 7 days. Next it was partially teased, stained in 
Boehmer’s haematoxylin, and finally teased on the slide in a drop 
of glycerin or Farrant's solution. This method is chiefly valuable 
for following the changes in the myeline, it gives poor results for the 
axis cylinder. The second method was to preserve the nerves in 
Mueller’s solution as described above, then to partially tease the 
bundles and stain by the potash gold method of Freud. After 
staining in gold the preparations were still farther treated with 
Boehmer’s haematoxylin to bring out the nuclei, and were then 
teased out on the slide and mounted in glycerin or Farrant's 
solution. This method gave very useful preparations. The gold stains 
the myeline almost, if not quite as well as the osmic acid, and in 
addition brings out the axis cylinder often with great distinctness. 
In some cases the axis cylinder would escape staining by this 
method, although the conditions remained the same, and unfortunately 
at the time of the first appearance of the axis cylinder in the newly 
regenerated fibres it was particularly uncertain in its results. The 
third method which was put into use only toward the end of the work 
proved of the greatest value in tracing the development or, at least, the 
first appearance of the new axis cylinders. The method was very 
simple. The nerves while pinned out were hardened and stained in a 
saturated picric acid solution for 48 hours. They were then washed in 
water for 5 or 6 hours and subsequently in 33% and 50% alcohol, and 
finally put in 95°/,. They were next partially teased, and then stained 
somewhat deeply in Böhmer's haematoxylin (exposure of 10-15 
minutes); the stained bundles of fibres were next carefully teased and 
mounted in glycerin or Farrant’s solution. The picric acid in con- 
nection with the Böhmer's seems to eat out the myeline, and thus 
allows the axis cylinder to be stained easily with the haematoxylin. 
In all the cases operated upon and reported in the table of physio- 
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logical experiments, and in some not there reported, the nerves were 
treated by one or all of the above-described methods. Usually portions 
of the nerve were taken from above the wound, at the wound, below 
the wound at different distances down to the wrist, from the motor 
branches to the flexor carpi ulnaris and the flexor profundus digitorum, 
and in some cases, from the long cutaneous branch of the ulnar. The 
object in taking so many specimens was to trace the course of the 
degeneration and regeneration, an intention which we have carried out 
with partial success. It was found afterward that in studying regenera- 
tion the instructive specimens were obtained along the line of advancing 
regeneration ; portions proximal or distal to this showed chiefly, on the 
one hand fully developed fibres and on the other fibres still in an 
embryonic condition, so that a single piece taken at random froin the 
peripheral end might show almost nothing of what was most charac- 
teristic of that stage. 

Degeneration in the Peripheral End :—After the interruption of the 
connection between a nerve fibre and its centre, whether the interrup- 
tion be by actual section, by crushing, or by coagulation, the peripheral 
end of the fibre undergoes degeneration, the changes affecting first the 
myeline and the axis, and subsequently the sheath and its nuclei. This 
degeneration extends throughout the whole peripheral end, it is accom- 
panied by a total loss of the characteristic properties of nerve fibres, 
conductivity and irritability, and, according to our experiments, it is an 
inevitable result of the interruption of connections with the nerve 
centres, In no case were we able to get return of function without a 
previous degeneration of the entire peripheral end. The degenerative 
changes of the myeline have been described so often, that it would 
seem useless to speak of them again, except to give our evidence upon 
one or two points in dispute. The degeneration begins in the dog at a 
variable time after section of the nerve, though the average time is 
about four days. Up to that time the nerve is apparently normal 
histologically as well as physiologically. Then the continuous myeline 
sheath breaks up into a number of segments, and according to most 
observers this fragmentation takes place at the segments or inter- 
segmental lines of Lantermann. Certainly the first segments formed 
correspond in shape and general appearance to the segments of Lanter- 
mann. Ranvier attributes the cause of this phenomenon to the 
growth of the protoplasm, especially in the neighbourhood of the 
internodal nucleus, and speaks of the segmentation as an active 
phenomenon. The increase in the protoplasm, which in the normal 
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fibre according to his view spreads over the whole myeline, cuts the 
myeline and axis into two at the nucleus, and possibly at the same 
time at several other points in the internodal segment. This explana- 
tion seems to us to be erroneous. According to our observations the 
myeline breaks into fragments, beginning apparently at the inter- 
segmental lines, before there is any marked increase in the protoplasm 
surrounding the nuclei. 

If we could accept the view that the intersegmental lines are filled 
in with protoplasm which is in connection with the nucleus through 
the peripheral layer of protoplasm lying under the sheath, then the 
most simple explanation of the fragmentation would be that it is 
caused by the hypertrophy, as it were, of this protoplasm. But this 
view of the normal structure of the fibre has not been demonstrated, it 
is at best an hypothesis. We are inclined to look upon the fragmenta- 
tion, after the manner of the older histologists, as a process of coagula- 
tion brought on by the metabolic changes necessarily resulting from 
the interruption of connections with the trophic centres. If the 
hypertrophy of the protoplasm at the intersegmental lines were the 
originating cause in the segmentation, one would expect some regularity 
in the subsequent rounding off and absorption of the pieces of the 
myeline, for a time at least, since they would be acted upon from each 
end; but the contrary is true. 

The segments first formed in degeneration, unlike the normal 
appearance of the segments of Lantermann seen in fibres after the 
action of osmic acid, have a complete envelope of the myeline, as 
shown in Fig. 1, and the small interspaces between them are filled with 
a colourless material. In each of these segments is a piece of the 
original axis cylinder, at this time apparently unchanged. Many of the 
older histologists have asserted that the axis remains unaffected during 
the degeneration. On the contrary, even at this early stage the 
breaking of the myeline into segments is accompanied by, or causes a 
simultaneous breaking of the axis. As Ranvier pointed out, this 
interruption of the axis is the immediate cause of the loss of irritability 
of the nerve to artificial stimulation. 

There has been some discussion as to whether this first segmenta- 
tion of myeline (and axis) is simultaneous throughout the entire 
peripheral end or whether it is progressive, starting either from the 
distal or from the proximal end. Those who have studied the 
phenomenon upon mammalian nerves are nearly unanimous in believ- 
ing that it is simultaneous throughout the entire peripheral end. 
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Our observations have convinced us also that the change takes place 
substantially at the same time throughout the whole length of a nerve 
fibre. If it is a progressive change it must pass over the fibre with 
great rapidity. We could detect no difference in the time of the 
appearance of the incipient changes in the nerve at the elbow and at 
the wrist or in the small motor branches. In the immediate neighbour- 
hood of the wound, on the contrary, degenerative changes of a 
traumatic origin undoubtedly occur before they appear in the rest of 
the nerve, as Engelmann and Colasanti have described. 

Shortly after the first cylindrical segments of myeline and axis are 
formed an irregular fragmentation occurs in these segments in most 
parts of the fibre. The segments break up into smaller or larger 
irregular pieces or balls, an extreme case of which is shown in Fig. 2. 
Very frequently in these irregular masses of myeline remnants of the 
axis cylinder can be clearly distinguished in all stages of disintegration 
as shown in Figs. 3, 4, 5. It should be stated that some of the large 
segments frequently persist in different portions of a fibre long after the 
other segments have broken into small pieces and become partially 
absorbed,—the process is very irregular. It is at the time that this 
breaking up of the cylindrical segments into smaller fragments becomes 
apparent that the increase in the size of the nuclei of the sheath and 
the growth of the protoplasm surrounding these nuclei become clearly 
marked. In fact this secondary fragmentation is always visible first in 
the neighbourhood of the nuclei as shown in Figs. 6, 7, 8. The large 
rounded nuclei lie in the middle of the fibre, and close to them are the 
small drops or balls of myeline. For this reason we believe that one 
cause of this secondary fragmentation is to be found in the absorption 
which takes place under the influence of the nucleus and its surround- 
ing protoplasm. At this time, and in fact before this, an evident 
chemical change has taken place in the substance of the myeline and 
the axis. Other observers have noted this in connection with the 
difference in staining with osmic acid. The change was even more 
marked with the picric fuchsin stain. In this stain the normal fibre 
has its myeline coloured yellow and its axis red, but at the time the 
secondary fragmentation begins both structures take a curious greenish 
yellow hue which is very characteristic. As evidence of the actual 
absorption which is beginning to take place one finds, at this time, say 
the seventh day, in the fibres stained with osmic acid or gold, some of 
the balls of myeline in the neighbourhood of the nuclei left colourless 
by the stain, see Fig. 6. In the later stages the same fact may 


1 * 
* 
a 
1 
‘ 
4 
‘ 
* 
* 


NERVE DEGENERATION AND REGENERATION. 373 


frequently be noticed at different parts of the fibre and always most 
clearly near the nuclei. See Fig. 11. 

By the 7th day a very active proliferation of the nuclei of the 
sheath has begun. The increase in their number is very striking. 
Our methods of hardening were not such as to show the method of 
multiplication of the nuclei, though we often found nuclei showing a 
dumb-bell form, ic., an elongated nucleus constricted in the middle 
as though multiplying by direct division. There can be little doubt 
that the division is indirect, as we sometimes found, even after 
hardening in Mueller's solution, nuclei like that pictured in Fig. 9 
which evidently represents a badly preserved mitosis. However, we 
made no special study of this point. An interesting fact in connection 
with the multiplication of the nuclei is the way in which they migrate. 
In the beginning, of course, there is a single nucleus to each internode. 
At the time the secondary fragmentation of the myeline is fully under 
way one frequently finds a numbér of nuclei in the space which an 
internode would occupy. Sometimes they are in pairs as though from 
a recent division, but in other cases one or more large masses of 
myeline will be found between. See Figs. 7 and 8. This latter 
appearance has been used to support the theory that there are several 
nuclei present in the internode in a normal fibre, but that they are 
hidden by the myeline. Such a view as this it is not necessary to 
consider at present. The only explanation of the appearance described 
that seems reasonable is that after division the nuclei migrate or may 
migrate to some distance and start the process of absorption at a new 
place. The physical characteristics of the fibre while in the living 
animal cannot be such as to oppose this movement of the nuclei. 

From the 7th day to the 14th day the process of absorption of the 
balls of myeline with their contained fragments of axis cylinder goes on 
actively, yet quite irregularly. Fig. 10 from a nerve after 7 days shows 
very well the breaking-up of the myeliné and the formation in between, 
especially at the nuclei, of an apparently liquid substance in which are 
contained numerous fragments of the old myeline. As the absorption 
progresses and the fragments of myeline become smaller and less nume- 
rous the direct participation of the nuclei in the process becomes more 
evident. The nuclei are much more numerous and are found clustered 
in and about the remaining balls of myeline as shown in Figs. 11 
and 12, representing a degeneration of 9 and 14 days respectively. 
One often sees bits of the myeline partially imbedded in a nucleus, and 
this appearance is found from this time on well into the later stages of 
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regeneration, as long, in fact, as any of the myeline remains unabsorbed. 
After 14 days absorption has gone so far that long stretches may be 
found, as shown in Figs. 12 and 13, in which only small fragments of 
myeline are present. At such places the fibre consists of a homogene- 
ous, apparently liquid substance lying in the old sheath, and of many 
nuclei, often in pairs or groups, the latter giving indication of an active 
proliferation. Yet at this time, 14 days, and even later, one sees many 
fibres in which the absorption has lagged behind the condition of what 
may be considered a typical fibre of this period. In one and the same 
fibre places will be found in which absorption has made rapid progress 
in spots, all the myeline having disappeared, while in other spots the 
large cylindrical segments have suffered scarcely any change. Examples 
of this are pictured in Figs. 14 and 15. However irregularly the process 
may go on the final outcome is the complete absorption of the remnants 
of the old myeline and axis; though as we have said before, balls of the 
myeline may be found in certain fibres long after this period, even at the 
time when fully formed new fibres have been produced. As the absorp- 
tion proceeds the old sheath collapses more or less. It seems at first to 
contain a liquid material with some débris of the old myeline, but this 
too finally disappears and the beginning of the actual process of regene- 
ration is inaugurated by the formation of new protoplasmic material 
around the numerous nuclei contained in the fibres. 

Regeneration in the Peripheral End: The increase of protoplasm 
round the nuclei is shown in its different stages in Figs. 16, 17, 18. 
At first, where the nuclei lie singly, the new protoplasmic formation 
gives the appearance of spindle-shaped cells or fibres such as have often 
been described as taking an active part in the formation of the new 
fibres,—Fig. 16. Later the increased formation of new material results 
in filling the old sheath with a continuous band or fibre of protoplasm 
in which the nuclei are imbedded, as shown in Figs. 19, 20, 21, 22, 23, 
24. The fibre as now formed represents the completion of the first 
stage in regeneration. This stage has been described more or less 
carefully by many observers. Adopting the nomenclature of Neumann, 
we will speak of such fibres as “embryonic fibres” because of the great 
similarity in structures between them and the fibres in the early 
embryo. We have spoken of the substance of the fibre, at this time, as 
being composed of protoplasm. The word is used in want of a more 


definite term, and it must be added, as was clearly stated by Neumann, 
that the material of the fibre shows an almost perfectly homogeneous 
appearance, quite unlike the granular structure of ordinary cytoplasm. 


4 aS 

3 

‘ 

* 
> 


NERVE DEGENERATION AND REGENERATION. 375 


Moreover, it stains very slightly with haematoxylin and the other stains 
which we used; only a long exposure to such reagents will make it take 
up any of the colouring matter. In this respect also the fibre appears 
to resemble the fibres in the early embryo before myeline and axis have 
been formed. The whole series of changes up to this point has taken 
place within the old primitive sheath. After the formation of the 
complete embryonic fibre a new sheath is made by a differentiation of 
the peripheral layer of the protoplasmic thread. The appearances which 
have led us to this view are shown in Figs. 23 and 24, in which the 
newly-formed fibre with its sheath lies within the old sheath. The old 
sheath is displaced outward and one may suppose that it eventually 
forms a part of the endoneural connective tissue which is at this time 
abundant. It must be said, however, by way of reservation, that the 
fate of the old sheath was not actually followed. The new sheath 
seems to be formed in the way described, the fate of the old one is a 
matter of inference. 

It will be seen by reference to the physiological experiments that 
there is considerable probability that these “embryonic fibres” have 
some of the properties of mature nerve fibres. They can certainly 
conduct impulses after they have made connections with the normal 
fibres of the central stump, and there is a probability that they possess 
a low degree of irritability to strong mechanical stimulation. We have 
suggested the possibility that these considerations may explain the very 
rapid return of sensation in some of the reported surgical cases. The 
embryonic fibres, it should have been stated, often appear in the 
hardened specimens as flattened ribbons, instead of cylindrical threads, 
as shown in Fig. 21. Whether this is true of the fresh specimens we 
did not ascertain. 7 

We have described the formation of a single embryonic fibre as 
taking place within the sheath of one of the old fibres, and we believe 
that where union is made with the central end this is the rule. But 
two other possibilities: forced themselves upon our attention while 
studying the preparations. There is some reason for believing that 
two or more embryonic fibres may arise within an old sheath by a 
process of longitudinal division after the fibre is formed, or during its 
formation. We have been able to demonstrate this point in the fibres 
of the central end, especially where union with the distal end has not 
been made, but for the peripheral fibres we can only suggest the 
possibility of its occurrence. In the second place there is a strong 
probability that many of the old fibres do not succeed in regenerating, 
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but go to ground completely. One often meets specimens such as are 
represented in Fig. 23, in which large balls of myeline are found on the 
sides of new fibres, engulfed in the cytoplasm of the wandering cells. 
Either an old fibre has gone completely to ground, or else in the 
formation of a new sheath some of the unabsorbed balls of myeline 
have been cut off and left to the mercy of the phagocytes. In addition, 
after the myeline is absorbed, one sometimes sees, even in later stages, 
entirely empty, collapsed sheaths, as though the formation of new 
protoplasm had miscarried. It may be that the regenerative activity 
of the nuclei of the sheath is not always successful in producing an 
embryonic fibre. 

The Extent of Regeneration in the Peripheral End when it is not 
reunited to the Central End: As far as our experiments go they give 
unmistakable proof that when the peripheral end does not reunite with 
the central end the degenerative changes proceed in much the same 
way as when a suture is made. But the regeneration, beginning with 
the formation of the embryonic fibres, proceeds more slowly than in the 
case of suture, and never gets beyond the embryonic stage. Our longest 
experiments upon a nerve cut but not sutured, and in which reunion 
was prevented by removing a piece of suitable length, were experi- 
ment XXVI., upon a rabbit examined 70 days after the operation, 
and XXII., central ulnar of dog, 75 days. In addition, however, we 
have had the opportunity of examining a portion of the peripheral end 
of a human ulnar nerve which had been cut accidentally six and a-half 
months previously. We owe the opportunity to the kindness of 
Dr T. A. Me Graw, who in an operation for secondary suture removed 
small portions of the central and peripheral ends and sent them to us 
in Mueller’s solution. Figs. 25, 26, 27, 28 are from drawings of 
specimens prepared from the peripheral end of this nerve after treat- 
ment with the potash gold stain of Freud and Bohmer’s haematoxylin. 
They show that regeneration had advanced to the stage of the 
formation of embryonic fibres, but that there were no signs of an 
axis cylinder or myeline sheath. Similar preparations were obtained 
from the animals upon which section without suture was made. Cross 
sections of the peripheral end of the human nerve are shown in Fig. 29, 
stained with gold and haematoxylin and in Fig. 30, stained in haema- 
toxylin alone. The drawing in Fig. 29 was made from a portion of the 
nerve in which some of the nuclei show a central nucleolus in cross 
section, simulating the appearance of new nerve fibres with a central 
axis. This is better shown in Fig. 31, taken from the ulnar nerve of a 
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dog after suture but before regeneration. We call particular attention 
to these figures because they seem to us to explain Fig. 10 in 
Bowlby’s recent book on “Injuries and Diseases of Nerves” which he 
uses to prove the autogenetic production of nerve fibres in the peri- 
pheral end of ununited nerves. We feel confident that if Bowlby had 
teased the peripheral end, and stained with the usual reagents for nerve 
fibres, he would not have been able to demonstrate either a new axis or 
a new myeline. It is difficult to judge from the description alone 
whether what Philippeau and Vulpian have described as fibres 
produced autogenetically in the peripheral end correspond to what we 
have called embryonic fibres or not. Our own results are so clear 
that we feel justified in explaining their observations in that way, 
unless as has been suggested, the two ends of their nerves had reunited 
through cicatricial tissue which they had disregarded. Furthermore, 
specimens like that represented in Fig. 24 may explain what Schiff 
and others have mistaken for a persistent axis cylinder. Certainly our 
modern methods of staining prove that after the first week or ten days 
there are no distinguishable fragments of the old axes remaining in the 
fibres of the peripheral end of the nerve. We have said that in our 
examinations of the peripheral end when not united with the central 
end, we found no newly-formed myeline or axis. Yet, as we will 
presently show, the new myeline in regenerated fibres, after connection 
with the central end is made, is formed in the peripheral end of the 
fibres. In accordance with this fact we found in some of the peripheral 
fibres of a rabbit's ulnar, which was prevented from reuniting with the 
central end and was examined 70 days after section, what seemed to 
be abortive attempts at the formation of new myeline in the embryonic 
fibres in the neighbourhood of the nuclei.—See Figs. 32 and 33. Such 
appearances were rare, and it may be that they are to be otherwise 
explained. We will come back to them in speaking of the formation of 
the myeline. 

Regeneration in the Peripheral End after Reunion with the Central 
End :— After the formation of the embryonic fibres, if reunion with the 
central end has been made, the regenerative changes go on to the forma- 
tion of complete nerve fibres having myeline sheaths and axis cylinders. 
Certain general facts with reference to this complete regeneration are 
capable of easy demonstration. In the first place it occurs more 
rapidly the smaller the intervening space between the two ends of the 
nerve, and in the case of suture the quicker the suture is made after 
injury, and the more perfect the coaptation of the two ends. These 
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results came out clearly in our study of the regeneration after suture, 
after crushing, and after coagulation. It was slowest in the last case, 
where there was a comparatively large dead area between the two 
ends, and was most rapid after the crushing experiments in which 
the epineural sheath was not ruptured. So in experiment XVIII., 
regeneration was more rapid on the side on which the cut ulnar was 
immediately sutured than on the side on which an hour was allowed to 
pass before the suture was made. In the second place it is easy to 
demonstrate that the formation of new myeline and new axis begins at 
the proximal end, at the wound, and proceeds centrifugally. Neumann 
has already called attention to this. Our experiments showed that 
along with this downward growth of myeline and axis there was a 
corresponding return of irritability to direct stimulation, the details of 
which have already been described. 

After the formation of the embryonic fibres the additional steps 
necessary for a complete regeneration consist in the production of a 
new myeline sheath and a new axis cylinder. The explanation of the 
origin of these structures has been found peculiarly difficult by all 
writers. The various theories proposed have been mentioned in the 
review of previous work given at the beginning of this paper. With 
reference to our own work, one result has seemed to us especially clear, 
and that is that the myeline is formed in the peripheral fibres, aftér 
connection with the central end has been established, and moreover is 
formed in a discontinuous way. It is quite easy to find in the peri- 
pheral trunk newly regenerated fibres showing a delicate continuous 
layer of myeline, but to demonstrate how this myeline is deposited is 
more difficult; to ascertain this point one must obtain his specimens 
from just that portion of the nerve in which the process is actively 
going on. Unless one is fortunate in finding such places he will almost 
inevitably be led to a conclusion like that of Erb, that the myeline is 
formed as a continuous sheath along the length of the fibre. In two 
animals we were particularly fortunate (experiments XXVIII. and 
XXII.) in getting the incipient stages. Figs. 36, 37, 39, 40 and 41 
give an idea of how the myeline first appears. As shown in these figures, 
it appears first as irregular deposits in the protoplasm of the embryonic 
fibres, and usually first in the immediate neighbourhood of the nuclei. 
Delicate prolongations of the myeline are often seen running from one 
small mass of the myeline to another, and eventually these latter 
become connected together, forming a varicose tube, shown in various 
stages in Figs. 36 to 51. With reference to the immediate origin of 
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these deposits, we must confess ourselves in doubt. In many cases we 
obtained specimens such as are shown in Figs. 34 and 35, in which 
clear bead-like spaces are seen forming in the protoplasm. The general 
arrangement of these spaces strongly suggests that they mark the 
beginning of the transformation of the protoplasm to myeline; a step 
farther and the chemical change will be such as to give the usual 
staining with osmic acid or gold as seen in Figs. 36-38, etc. On the 
other hand, the first deposits of myeline, especially when stained in 
osmic acid, often bear a striking resemblance to the nuclei, both in 
shape and in the fact that they show a rather distinct staining with the 
haematoxylin. (See Figs. 38, 39, 40, 42, etc.) There is no doubt that 
as the myeline forms many of the numerous nuclei scattered along the 
fibre disappear. It is a tempting hypothesis to suppose that the 
superfluous nuclei suffer a myeline degeneration and directly or in- 
directly give rise to the myeline tube. We have hunted long and 
faithfully for intermediate stages which might support such a view, but 
have been unsuccessful. We are inclined to believe, therefore, that the 
pale violet staining of the interior of the myeline drops which gives them 
the appearance of nuclei partially changed is due either to the thinness 
of the myeline layer surrounding them causing a colour contrast, or is 
one result of the chemical differentiation which is taking place. As the 
myeline layer becomes thicker, the deposits stain a deeper black, as seen 
in the drawings. This leaves us the alternative hypothesis that the 
myeline is formed within the substance of the protoplasm by a process 
of chemical differentiation. If we ask what starts this chemical 
alteration, we can only connect it with the fact that it seems to depend 
upon a physiological connection with the normal fibres of the central 
end, and we are therefore forced to fall back upon the trophic action of 
the nerve centres, or rather the trophic nature of the impulses sent 
along the fibres from these centres, however indefinite such an 
hypothesis may appear. The connection of the nuclei with the first 
formation of myeline is to be expected, perhaps, upon this hypothesis, 
since it may be assumed that it is through them that the nutritive 
influence of the centres is exerted. In reaching this conclusion we are 
partially in accord with Neumann, though we differ from him funda- 
mentally in our views as to the origin of the protoplasm composing the 
embryonic fibres. Whatever theory of the immediate cause of the for- 
mation of the myeline may be the true one, there can be no doubt that 
it is first found as disconnected drops. These may afterwards become 
united by slender processes to form a bead-like string which sooner or 
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later elongates to an even tube, or the drops may first elongate to form 
cylindrical segments which eventually unite to form continuous, delicate 
tubes of myeline. Both of these processes, with the intermediate 
stages, are shown in Figs. 36 to 55 better than we could describe them 
in words. What becomes of the numerous nuclei scattered along the 
embryonic fibre it is not possible to say, other than that they disappear. 
In some cases, as in Figs. 38, 39, 42, they disappear rapidly as the 
myeline tube is formed, while in other cases they persist for a much 
longer time, the newly-formed myeline tube winding in and out among 
them in a very beautiful manner (see Figs. 37, 51, 55). We can only 
suppose that they disappear by absorption, as their nutritive relations 
with reference to the protoplasmic contents of the fibre become less and 
less important. With reference to the nodes and internodes of 
Ranvier, it is evident that no simple hypothesis, such as the de- 
velopment of each internode from a single cell, will fit the facts as they 
appear in regenerating fibres. The developing internodes and nodes 
are plainly shown in Figs. 51 to 55, but why the ends of the internodal 
tubes do not fuse together is difficult to explain. The internodal 
nucleus must, throughout life, play an important part in the nutrition 
of the protoplasm in connection with it, and of the myeline sheath. In 
an indefinite way we may suppose that this nutritive influence on the 
myeline can extend only over a limited area, —the distance of an 
internode,—but to connect this with the formation of these internodes 
takes us into the field of speculation, though it seems to us that the 
true explanation lies along this line of thought. The origin of the 
segments of Lantermann may doubtless be traced directly to the 
primitive, disconnected deposits of myeline which we have described. 
Axis Cylinder :—The origin of the axis cylinder is more difficult to 
trace than that of the myeline sheath. The difficulty is largely caused 
by the want of a perfectly reliable method of staining this structure. 
The myeline sheath round the axis seems to prevent the penetration 
of the usual stains, so that we got our best results by the picric acid 
and haematoxylin method in which the myeline was first dissolved out. 
With the gold stain beautiful preparations of the new medullated fibres 
can be obtained, and in some cases the axis cylinder within can be 
clearly distinguished. But when the new myeline is evidently just 
formed no definite axis can be demonstrated by the gold stain. With 
the picric acid and haematoxylin stain, on the contrary, the newly- 
formed axis is clearly seen, even at that early stage in the formation of 
the myeline tube when it exists as a string of bead-like swellings (see 
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Figs. 56 and 57). It follows then that though the myeline sheath 
probably begins to form before the axis cylinder can be distinguished, 
the latter appears shortly afterward, before the new fibre has gone far 
in its development. The point of greatest difficulty is to make out the 
origin of the axis. The myeline sheath as first formed consists of a 
delicate circumferential layer of true myeline, staining dark with osmic 
acid, and enclosing a core which as yet does not stain with the osmic. 
Benecke, Leegaard, Neumann and others make the axis arise from 
this core, or what in their descriptions would correspond to it. That is, 
they believe that the axis forms im situ in the peripheral fibres. 
Ranvier, on the other hand, believes that one or more axes grow out 
from the axis of each intact fibre of the central end, and this view is 
practically implied in the almost universally accepted belief that the axis 
is an outgrowth from the central nerve cell. As far as the microscopic 
appearances of the axis in the newly regenerated fibres are concerned, 
in our work at least, they might be explained equally well on either 
hypothesis. The strong reasons for believing that the axis is an 
outgrowth from the nerve cell have made us search carefully at the 
central end for some evidence of the sprouting of the axis cylinder in 
the old fibres. Our best results in this direction have been obtained 
from the study of the central end of the divided nerve (experiment 
XXII., ulnar) when union with the peripheral end was not made. 
When union with the peripheral end is made it is very easy, with the 
picric acid and haematoxylin method, to obtain specimens showing the 
junction of the old and the new fibres, and the connection of the old 
axis with the new. But there is nothing in such specimens to indicate 
whether the new axis has grown out from the old, or is simply fused 
with it. In the central stump, in cases where union was not made, 
the old fibres, as will be described more fully presently, frequently end 
in a bundle of small new fibres. If the axis grows out from the central 
end, one ought to find at such places, when stained by the picric 
acid-haematoxylin method, a branching of the old axis cylinder to pass 
into the new fibres, such as was described by Ranvier, though not 
actually seen by him. In the only specimen of an ununited central 
end which we were able to stain by this method we found several 
specimens which showed this branching, the best of which is drawn in 
Fig. 60. The axis in the old fibre ends in a bulbous enlargement from 
which the new axis arises by a slender process,—after entering the new 
fibre it can be seen to branch, and one of the branches again breaks 
into two smaller axes. The three new medullated fibres to which these 
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three axes belong are coiled round one another in a way not shown well 
in the picric acid specimens (and not represented in the drawing). 
Very many apparent examples of this branching of the axis were found 
in this specimen, but owing to the intricate way in which the fibres 
were twisted and the possibilities of deception arising therefrom, the 
connection of the old and new axes could not be satisfactorily followed. 
The example given in the drawing, and some others, were, however, 
quite distinct and seem to us to give fairly satisfactory histological 
proof that in regeneration the new axis cylinders are outgrowths from 
the axes of the uninjured fibres of the central end. Fig. 61 gives 
an apparent example from another experiment of the outgrowth of 
the axis. In the dog, at least, where union is rapidly established 
between the two ends, each old fibre, as a rule, unites with only one 
new fibre so that there is ho branching of the axis cylinder but a simple 
outgrowth. When union is not made there may be a branching of the 
axis to grow into the several new fibres, which, in some cases, are 
formed, as we shall describe, in connection with the old fibre. 
Degeneration and Regeneration in the Central End: According to 
most of the accounts, the degeneration in the central end after section 
or injury is substantially the same as in the peripheral end, with the 
exception that it extends centrifugally for only a limited distance,— 
through one or two nodes of Ranvier. The peculiar account of the 
degeneration in the central end given by Ranvier, according to which 
large leucocytes enter the ends of the tubes and devour the myeline 
and axis as far as the first node, has not been confirmed by other 
observers. We have not followed all the stages of degeneration and 
regeneration in the central end with the same care as in the peripheral 
end; but the stages we have examined have convinced us that the 
processes are practically identical in the two ends. The myeline and 
axis disintegrate and are absorbed for a certain distance ; an embryonic 
fibre is formed from the new protoplasm arising from the nuclei, and in 
this a myeline sheath is first formed into which an axis cylinder 
penetrates as an outgrowth from the end of the old axis. Various 
examples of this formation of a new fibre within the sheath of the old 
are shown in Figs. 62 to 72. In many cases, in the central end, when 
union was not made or when difficult union was made as in cross 
sutures, an old fibre was found to terminate in a bunch of two or more 
new fibres (see Figs. 62 and 63), usually coiled round one another so 
that they could not be disentangled. We can only explain these by 
supposing that during the formation of the embryonic fibre there is a 
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longitudinal division resulting in the production of several embryonic 
fibres lying in the old sheath; each of these afterwards may take on a 
myeline sheath and receive an axis cylinder process from above. It is 
not at all uncommon to find in such specimens some of the new fibres 
of the bundle without a myeline sheath and others with one newly 
formed, or with both myeline and axis. Cross sections of the central 
stump of the human ulnar nerve operated upon by Dr Me Graw for 
secondary suture, six and a-half months after injury, confirmed the 
results which were obtained by teasing (see Fig. 69). The section was 
made through the bulbous enlargement of the central stump. At the 
level of the section no normal medullated fibres were found, though 
occasionally a cross section of a smaller fibre with some remnant of the 
axis was seen. In other places a bundle of small fibres was found of 
the same area as one of these enlarged fibres, and at still other spots 
intermediate stages were seen showing an enlarged fibre surrounded by 
small new fibres in the same sheath. In this case the bulbous enlarge- 
ment was undoubtedly caused by an increase in the nerve fibres as well 
as in the epineural connective tissue. If the cross section described 
is compared with the teased preparations, Figs. 63, 64, 65, made from 
the central end of the same nerve the way in which an old fibre makes 
connection with a bundle of new fibres lying in the same sheath will 
be more readily understood. One can understand from the teased 
preparations how in the cross section a portion of the myeline of an old 
fibre may be obtained surrounded by a number of newly-formed fibres 
in the same sheath. 

Still another interesting fact is shown by the teased preparations of 
the central end of the same nerve, and that is, that the degenerative 
changes in the central end, when union is not made, apparently keep on 
progressing centripetally at a slow rate. Figs. 63, 65 and 67 give good 
illustrations of this fact. The end of the myeline is swollen and opaque, 
and has fallen into large segments. The embryonic fibre formed 
distally to this can be seen continuing into the hypertrophied proto- 
plasm surrounding the end of the myeline, and in this latter the nuclei 
are prominent and increased in number. The whole appearance indi- 
cates a slowly backward progressing degeneration and regeneration, and 
gives, moreover, a striking demonstration of the fact that the proto- 
plasm of the embryonic fibres is a product of the activity of the nuclei 
of the sheath. Similar preparations were obtained from the central 
end of the ulnar, in a dog, which had been severed 75 days before the 
examination was made, and had not been allowed to unite with the 
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peripheral end. In some of the specimens from this latter nerve the 
mode of union of the axis cylinder in the newly regenerated fibre with 


the axis in the old fibre is clearly shown (Figs. 70, 71, and 72). Fig. 71 


is particularly instructive when compared with Figs. 64 and 65. The 
new axis cylinder is seen to escape the swollen end of the old fibre 
and to penetrate the myeline some distance beyond this point in order 
to reach the old axis. Fig. 72 shows the end of an old axis cylinder 
enlarged and sending out a new axis. 

Union of the Central End with the Peripheral End :—It will be seen 
from the above description that the formation of embryonic fibres and 


of new medullary substance goes on in the degenerated portion of the 


central end. Similar processes take place in the peripheral end 
preparatory to receiving the new axis cylinders from above. How is 
the connection between the two made? It is practically an impossible 
thing to witness the making of this connection, but we are strongly 
convinced that it takes place in the cicatricial tissue, and chiefly from 
the downgrowth of embryonic fibres from the central end. In the 
cicatricial tissue itself no independent formation of new fibres can take 
place if the theory of their origin which we have adopted is correct. It 
forms a tissue into which the actively growing embryonic fibres from 
the central and peripheral ends penetrate, and finally meet and unite. 
The fusion will naturally take place more quickly the smaller the 
distance between the two ends. Once this union is established the 
myeline sheath begins to form in the peripheral fibres. While in the 
new fibres of the central stump, as the specimens demonstrate, new 
myeline develops in a normal way whether connection with the peri- 
pheral end is established or not, since their union with the old fibres of 
the central end is assured. 

In conclusion we wish to speak briefly of an appearance often seen 
in the central end of the nerve, whether or not union is made with the 
peripheral end, an appearance which has been frequently described by 
other observers, but which has not been explained, as far as we are 
aware. This phenomenon consists in the intercalation of a segment of 
one or even two new fibres between the ends of an old fibre which has 
not undergone degeneration. (See Figs. 73, 74, 75, 76.) The note- 
worthy thing is the apparent exception to the general rule that the 
distal portion of a severed fibre always degenerates. Here we have a 
distal piece which seemingly escapes degeneration. To our minds the 
explanation is simple. Such fibres are always found in the central end 
near the point of injury. It is probable that in cutting or crushing the 
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nerve, or in injuring it by any other method, certain spots on some of 
the fibres above the point of actual destruction are sufficiently injured, 
by compression or otherwise, to lead to a degeneration of the myeline 
and axis, but over the microscopic stretch thus affected the rapid 
formation of a protoplasmic material permits nerve impulses to be 
transmitted to the distal piece and thus preserves it from degeneration. 
This intermediate piece is sometimes very short, at other times nearly 
as long as an internode. The processes of degeneration and of re- 
generation in the injured piece go on in the same way as in the fibres 
of the peripheral end of a nerve completely severed. The phenomenon 
seems to us a confirmation of the view we have taken, that the initial 
cause of the degenerative changes in the cut end of a nerve fibre lies in 
the perverted metabolism resulting from severance from the nutritive 
cells. 


We have stated our histological results as briefly as possible, relying 
upon the illustrations to take the place of a more extended verbal 
description. For the sake of clearness we may be permitted to 
recapitulate the more important conclusions. 

1. After complete severance of connection with the nerve centres 
the peripheral end of a nerve suffers degeneration throughout its entire 
extent. 


2. The degenerative changes and the subsequent regeneration take 
place as follows: 


(a) Segmentation of the myeline and axis at the intersegmental 


lines. 
) Proliferation and migration of the internodal nuclei. 

(c) Secondary fragmentation and absorption of the myeline (and 
the contained débris of the axis), most active in the neigh- 
bourhood of the nuclei. 

(d) Increase of protoplasm round the nuclei, forming finally a 
continuous band of protoplasm lying in the old sheath. 

(e) Formation of a new sheath on the periphery of this band, 
thus making an “embryonic fibre.” | 

(f) Union of the embryonic fibres of the peripheral end with 
those similarly formed in the central end—the union taking 
place in the intervening cicatricial tissue. 

(g) Formation of myeline in the peripheral end as isolated drops 
—usually seen first near the nuclei. These afterwards unite 
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to form a continuous tube. The formation of the myeline 
proceeds centrifugally, starting from the wound. 

(h) The outgrowth of new axes from the old axes of the intact 
fibres of the central end—the outgrowth following quickly 
upon the development of the myeline. 

(i) In the central end, especially when connection with the 
periphery is not made—several new fibres may form within 
the sheath of an old one to take the place of the portion 
degenerated. Each of these may develop myeline and receive 
a branch from the axis cylinder above. 

In addition to these conclusions which have been based upon 
observed facts capable of demonstration, we venture to suggest certain 
speculations as to the causes of the changes described. We may 
suppose that in the normal fibre the nutrition of each internode is 
directly controlled. (with the exception probably of the axis) by the 
internodal nucleus, and that the metabolic activity of the nucleus in 
turn is influenced by trophic impulses received through the axis 
cylinder from the nerve centres. When the flow of impulses is inter- 
rupted the metabolisms of the nucleus and its dependent structures, 
myeline and internodal protoplasm, are altered. The first effect of this 
alteration is a coagulation of the myeline into segments corresponding 
to the segments of Lantermann, and this brings about mechanically a 
rupture of the axis into corresponding segments. The rapid growth 
and multiplication of the nuclei cause the absorption of the old myeline 
and axis, and result in the formation of a continuous band of proto- 
plasm, the embryonic fibre. The active growth of this fibre soon 
establishes, under favourable conditions, a functional connection with 
the fibres of the central end, and brings the protoplasm and nuclei 
again under the influence of the trophic impulses from the nerve 
centres, in consequence of which there is a new formation of myeline, 
and the metabolisms of the internodal segments return to their normal 
condition. The interruption of the myeline sheath at the nodes of 
Ranvier may be connected with the dependence of the sheath for its 
normal nutritive control upon the internodal nucleus and its proto- 


plasm, and the fact that this influence can only be extended over a 
limited area. 
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RECORDS OF OPERATIONS AND PHYSIOLOGICAL 
EXAMINATIONS. 


TABLE OF EXPERIMENTS. 


EXPERIMENT II. 


Oct. 11, 1890. Small terrier, young. Hypodermic injection of 1 gramme 
morphia sulphate. 

Operation. Ulnar nerve on left side cut just above the elbow and 
immediately sutured with two catgut sutures—sutures passed through the 
epineurium. 

Ulnar nerve on right side crushed by tying firmly a single catgut ligature 
round it just above elbow, the ligature removed at once. Stimulation 
(induction shocks) above the point of ligature, after the removal, caused no 
flexion of foot or digits. 

Examination. Oct. 14 (3 days after operation). Right side. Skin 
wound united by first intention, no suppuration. Only a faint indication of 
point of ligature on the nerve. Portions of the central end, the wound, and 
of the peripheral trunk and branches to the flexor carpi ulnaris preserved in 
Miiller’s liquid for histological examination. 

Left side. Skin wound open, but no suppuration; nerve found united. 
Portions removed as on right side for histological examination. 

No physiological examination made in this experiment. 


ExpPERIMENT XX. 


April 24, 1891. Very young Bull pup. Hypodermio injection of 
z gramme morphia sulphate followed by ether. 

Operation. April 24. Left side, Ulnar nerve cut just above elbow, 
immediately sutured with one catgut suture. 

April 26. Right side. Same operation. 

Examination. April 28. Left side. 4 days after section. Stimulation 
of the ulnar below the wound by induction shocks, unipolar stimulation, gave 
no contractions at all. Stimulation above the wound gave reflex movements 
and retraction of arm, but no flexion of foot or digits. Hence complete loss 
of irritability in the peripheral portion of ulnar. 

Right side. 2 days after section. Stimulation of the ulnar below the 
wound, induction current and unipolar stimulation, gave slight movements 
of flexion in digits. Hence irritability of peripheral ulnar not completely 
disappeared. 
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Portions of the ulnar on both sides, above the wound, at the wound and 
below at different distances, and the branches to the flexor profundus and 
flexor carpi ulnaris preserved in Miiller’s solution and osmic acid for histo- 
logical study. 

ExrxRIuENT XXIII. 


May 19, 1891. Black and tan, small but full grown. 28 
injection 3 grammes morphia sulphate followed by ether. 

Operation. May 19. Left side. Ulnar cut 6 
made in the arm several inches above the elbow. Median crushed by tying 
a catgut ligature round it at same level. 

May 21. Right side. Same operation upon ulnar and median at same 
level. 

Examination, May 22. Left side. 3 days after operation. Stimulation 
with induction currents of both ulnar and median peripheral to the wound 
gave flexion of foot. Hence irritability still preserved. 

Right side. 1 day after operation. Stimulation with induction currents 
of both ulnar and median peripheral to the wound gave flexion of foot. 
Hence irritability still preserved. 

Portions of ulnar and median on both sides, above the wound, at the 
wound, below the wound, and motor branches to the flexor profundus and 
flexor carpi ulnaris preserved in Miiller’s solution, in osmic acid and in picric 
acid for histological examination. 


EXPERIMENT XII. 


Feb. 16, 1891. Black and tan, not full grown. Hypodermio injection 
of 3 gramme morphia sulphate followed by ether. 

——— Left side. Quarter inch of ulnar removed, just above elbow. 
Ends not united by suture. 

Right side. Same operation. 

Examination. Feb. 20 (4 days after operation). Left side. Ends of 
nerve not united, central end very sensitive. Stimulation of peripheral end 
with induction shocks and mechanically (blows of small hammer) showed that 
the nerve was, if anything, more irritable than normal. Direct stimulation 
(induction shocks) of motor branch to the flexor carpi ulnaris showed that the 
irritability of this branch was apparently below normal, required a much 
stronger induction shock to produce flexion, but irritability still preserved. 

Right side. Results of stimulation practically the same, irritability of 
the peripheral end of the nerve still present. 

Portions of the nerves above and below the section, and of the motor 
branches to the flexor profundus and flexor carpi ulnaris preserved in 
Miiller’s solution for histological examination. 
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EXPERIMENT XIII. 


Feb. 21, 1891. Black and white setter apparently full grown. Hypo- 
dermic injection of j gramme of morphia sulphate followed by ether. 

Operation. Left side. Quarter inch of ulnar removed just above elbow. 
Ends not united by suture. 

Right side. Same operation. 

Examination. Feb. 25 (4 days after operation). Left side. Ends of 
nerve not united. Mechanical and electrical stimulation of the peripheral 
end gave no flexion whatever and no perceptible contraction of the flexor 
carpi ulnaris or flexor profundus when these were laid bare by dissection. 
Hence complete loss of irritability. Direct stimulation of flexor carpi ulnaris 
with induction shocks guve slight contractions, with the galvanic current 
stronger contractions. 

Right side. Results of stimulation the same. Complete loss of irrita- 
bility of the peripheral end of ulnar. 

Portions of the peripheral trunk and the motor branches preserved as 
usual in Müller's solution. 


Expertment III. 


Oct. 11, 1890. Small mongrel. Apparently full grown. Hypodermic 
injection of 3 gramme morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve cut just above elbow and immediately 
sutured with two catgut sutures through the epineurium. 

Right side. Ulnar nerve exposed above elbow and crushed by tying a 
single ligature of catgut. Ligature removed. Stimulation of the ulnar above 
the point injured caused no flexion of foot or digits. 

Examination. Oct, 18 (7 days after operation). Left side. Stimulation 
of the ulnar below the wound (induction currents and unipolar stimulation) 
gave no movements whatever. Stimulation of the nerve just above the 
wound caused signs of pain and reflex movements of the arm. Complete loss 
of irritability in the peripheral nerve. 

Right side. Results of stimulation the same. 

Portions of the nerves removed. Above wound, at wound, below wound 
and motor branches to the flexor muscles preserved for histological work. 


Experiment VI. 


Oct. 24, 1890. Brown and white bull-dog, young. Hypodermic injection 
of ? gramme morphia sulphate followed by ether. : 

Operation. Left side. Ulnar nerve cut just above the elbow and the 
two ends immediately joined by two catgut sutures through the epineurium. 
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Right side. Ulnar nerve above elbow crushed by the tying of a catgut 
ligature. The ligature quickly removed, Stimulation above the point 
injured gave no movements of flexion. 

Examination. Nov. 1 (7 days after operation). Left side. Stimulation 
of the nerve below the wound (unipolar induction currents) gave no move- 
ments of flexion. Above the wound reflex movements and signs of pain. 
Complete loss of irritability. 

Right side. Results of stimulation the same. 

‘ Portions of the nerves above wound, at wound, below wound and motor 
branches to the flexor muscles preserved for histological study. 


EXPERIMENT X. 


Jan. 24, 1891. Black mongrel, apparently full grown. Hypodermic 
injection of 3 gramme morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve coagulated just above elbow by 
stream of water 80˙ C. circulating in a double walled silver cannula round the 
nerve. The stream continued until stimulation of the ulnar above the point 
coagulated caused no movements of flexion. 

Right side. Ulnar nerve crushed just above elbow by a ligature of . 
catgut, ligature soon removed. Stimulation above the wound caused no 
movements of flexion. 

Examination. Jan. 31 (7 days after operation). Left side. Nerve had 
separated at point of coagulation. Complete loss of irritability in the 
peripheral end. 

Right side. Mechanical and electrical stimulation of the peripheral end 
gave no movements at all. Stimulation above wound caused reflex move- 
ments and signs of pain. 

Portions of the nerves, above wound, at wound, and below wound, 
together with the motor branches to the flexor muscles preserved for histo- 
logical study. 

Experiment XI. 


Feb. 7, 1891. Small woolly black dog, not full grown. Hypodermic 
injection of $ gramme of morphia sulphate followed by ether. 

L Left side. Ulnar nerve coagulated just above elbow by 
stream of hot water 80°C., circulated in a bent glass tube round the nerve 
until stimulation above with moderate stimuli caused no flexion. 

Right side. Ulnar nerve coagulated just above elbow by heating a broad 
copper wire bent round the nerve, until moderate electrical stimuli above 
caused no flexion. 

Examination. Feb. 16 (9 days after operation). Left side. Wound 
scarcely perceptible. Mechanical and electrical stimulation below the point 
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of coagulation gave no movements whatever. Stimulation above gave signs 
of pain with reflex movements, and some movement in the foot which dis- 
appeared upon section of the median. Complete loss of irritability. 

Direct stimulation of the flexor carpi ulnaris with induction current gave 
slight fibrillar contractions, with the galvanic current feeble contractions of 
the muscle. 

Right side. Wound plainly visible but nerve continuous; results of 
stimulation practically the same as on the other side. 

In taking out the nerves for histological examination it was recorded that 
the violent mechanical stimulation of the nerve in cutting with the scissors 
anywhere peripheral to the wound caused no reflex movements, which is 
further proof that this portion of the nerve (sensory fibres) was not irritable. 
See later experiments for similar observations. 


EXPERIMENT XV. 


March 2, 1891. Large black hound, apparently not full grown. Hypo- 
dermic injection of g gramme of morphia sulphate followed by ether. 

} Left side. Ulnar nerve coagulated just above elbow by 
circulation of hot water (80°C.) round the nerve in a bent glass tube, 
continued until moderate stimuli above gave no movements of flexion. 

Right side. Piece of ulnar, ; in. long, cut out just above elbow, ends not 
united by suture. 

Examination. March 14 (12 days after operation). Left side. Nerve 
swollen at point of coagulation. Mechanical and electrical stimulation of the 
peripheral trunk and of the motor branches to the flexor muscles caused no 
movements whatever. Section of the peripheral trunk at different levels 
with the scissors gave no reflexes or signs of pain; hence no conduction of 
sensory impulses, complete loss of irritability. 

Right side. Mechanical and electrical stimulation of the peripheral trunk 
gave no movements whatever. Hence complete loss of irritability. 

Portions of the nerves removed as usual for histological examination. 


Experiment VII. 


Nov. 5, 1890. Bull-dog, full grown. Hypodermic injection of j gramme 
morphia sulphate followed by ether. | 

Operation. Left side. Ulnar nerve cut just above elbow and sutured 
immediately with 2 catgut sutures through the epineurium. 

Right side. Ulnar nerve crushed just above elbow with single ligature 


of catgut ; ligature soon removed and stimulation above caused no movements 
of flexion. 
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Examination. Nov. 19 (14 days after operation). Notes of the physio- 


logical examination were mislaid. Known that stimulation, mechanical and 


electrical, of the peripheral nerves on each side caused no movements of 
flexion at all. Hence complete absence of irritability. 
Portions of the nerves removed as usual for histological examination. 


Experment VIII. 


Nov. 14, 1890. Small brown bull-dog, not full grown. Hypodermic 
injection of 2 gramme morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve cut just above elbow and immediately 
sutured with 2 catgut sutures. 

Right side. Crushed with catgut ligature until stimulation above, after 
removal of ligature, gave no movements of flexion. 

Examination. Dec. 6 (22 days after operation). Left side. 1. Stimu- 


-lation (unipolar induction) above wound caused signs of pain and reflex 


movements. 

2. Stimulation just below wound. Strong current gave slight spreading 
movements of digits (abduction). 

3. Stimulation below brauch to the flexor carpi ulnaris gave same result. 

4. Very strong electrical stimulation of the trunk of the ulnar in the 
forearm above middle gave no signs of pain and no reflex movements of limbs 
or respiration. But cutting with scissors gave reflex movements distinctly 
showing production and conduction of sensory impulses after strong me- 
chanical stimulation, 

5. Direct stimulation of flexor carpi ulnaris with induction currents 
gave no visible contraction. With galvanic current gave slight muscular 
contractions. 

Conclusion. Apparent return of conductivity and irritability to some 
of the motor fibres of abduction of digits (dorsal interossei) and to sensory 
fibres of trunk of ulnar above the middle of forearm when strong mechanical 
stimuli were used. 

Right side. 1, Stimulation above wound caused signs of pain, reflex 
movements of arm, and also flexion of foot. 

2. Stimulation below wound (minimal currents) gave flexion of foot and 
of digits. 

3. Stimulation below branch to flexor carpi ulnaris gave slight move- 
ments of flexion of the digits. 

4, Stimulation (very strong induction currents) of the trunk of the 
ulnar below the wound caused no signs of pain or reflex movements. But 
strong mechanical stimulation, cutting with scissors, caused distinct reflex 
movements especially of respiration. 
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Conclusions. A return of irritability and conductivity to the motor 
fibres, or some of them, most marked near the wound. The sensory fibres 
above the middle of forearm irritable at least to strong mechanical stimula- 
tion. 

" Portions of the nerve on each side removed and preserved as usual for 
histological examination. 


EXPERIMENT IX. 


Jan. 5, 1891. Small mongrel, apparently full grown. Hypodermic 
injection of ? gramme morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve cut just above elbow and immediately 
sutured with 2 catgut sutures, 

Right side. Ulnar nerve crushed just above elbow by catgut ligature. 
After removal of ligature stimulation just above gave slight movements of 
abduction of foot, but no movements of flexion. 

Examination. Jan. 26 (21 days after operation). Left side. 1. Stimu- 
lation (unipolar induction) above wound gave distinct flexion when current 
was too weak to cause reflexes. 

2. Stimulation }in. below wound. With same weak current gave no 
contraction, with stronger current distinct flexion of foot. 

3. Light mechanical stimulation }in. below wound (light hammer of 
hard rubber) gave flexion of foot easily. 

4, Stimulation of the trunk of ulnar at wrist, beyond the origin of the 
dorsal cutaneous branch, with strong induction shocks and blows of the 
hammer, gave no visible effect. : 

Conclusions. Return of irritability and conductivity to some at least of 
the motor fibres of the peripheral ulnar. Irritability of peripheral end 
greater the nearer to the wound, disappears near level of wrist to ordinary 
electrical stimulation. Conductivity returns apparently sooner than irrita- 
bility. Strong mechanical stimulation of nerve near wrist not attempted in 
this experiment. Near the wound in the irritable portion of the nerve 
mechanical stimulation seemed more effective than electrical. 

Right side. 1. Electrical stimulation above the wound even with very 
weak currents gave distinct flexion of foot. 

2. Stimulation (mechanical) with hammer gave same result. 

3. Stimulation immediately below wound (electrical and mechanical) 
gave same result, 

4. Stimulation 3 in. below wound with electrical currents gave flexion 
only on the application of much stronger current. Stimulation at same point 
by the hammer gave flexion very easily. 

5. Stimulation (electrical and mechanical) above wrist of both the main 
trunk of the ulnar and the dorsal cutaneous branch gave no effect whatever. 
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6. Tying ligature round the ulnar at the middle of forearm, where 
electrical stimulation and the blows of the hammer had had no effect, gave 
strong reflex movements. 

Conclusions. Same as for left side. But here, as in Experiment VIII., 
violent mechanical stimulation, crushing, had aroused a sensory impulse when 
the strongest electrical shocks had no effect. Here as on the left side 
mechanical stimulation of motor fibres in the peripheral end was apparently 
more effective than electrical. The regenerated fibres of the peripheral 
nerve seemed to be conductive before they were irritable. 

Portions of the nerve on each side removed and preserved as usual for 
histological examination. 


Experiment XIV. 


Feb. 28, 1891. Large black and white shepherd. Hypodermic injection 
gramme morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve coagulated just above elbow by stream 
of hot water 80°C. circulated round the nerve in a bent glass tube, until 
stimulation above gave no movements of flexion. 

Right side. } in. ulnar removed just above elbow, ends not sutured. 

Examination. March 21 (21 days after operation). Left side. I. Elec- 
trical and mechanical stimulation above wound gave reflex movements and 
signs of pain, but no flexion. 

2. Electrical and mechanical stimulation below wound gave no response. 

3. Direct stimulation of flexor carpi ulnaris with induced currents gave 
no contraction, with galvanic current a feeble contraction. 

Conclusion, Irritability and conductivity not returned in peripheral end, 
owing probably to much wider “dead area” caused by coagulation. 

Right side. Peripheral nerve totally unirritable. Flexor carpi ulnaris 
irritable to galvanic but not to induced currents, 

Portions of the nerve on each side removed and preserved as usual for 
histological examination. 


Experiment XXVIII. 


June 1, 1891. Small mongrel puppy. Hypodermic injection of ? gramme 
morphia sulphate followed by ether. 

Operation. Left side. Ulnar nerve crushed by catgut ligature just above 
elbow. After removal of the ligature stimulation above caused no movements 
of flexion. 

Right side. Operation in middle of arm. Central end of median sutured 
to peripheral end of ulnar, using two catgut sutures through the epineurium. 


Long pieces (inch +) cut from the peripheral end of median and central end 
of ulnar to prevent union. 
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Examination. June 22 (21 days after operation). Dog found dead 
in his cage. Supposed to have been caused by drinking some solution 
for „tanning.“ Animal warm when found. Post-mortem examination 
of the nerves showed that the median-ulnar suture on the right side had 
not united well. On the left side scarcely a perceptible trace of the wound 
in the nerve. 

Only portions of ‘the ulnar on the left side were removed and preserved 
for histological study. 


Expertmment XVII. 


March 23, 1891. Small bull-dog, apparently full grown. Hypodermic 
injection of ? gramme morphia sulphate followed by ether. 

Operation. Left side. Operation in middle of arm. Central end of 
median sutured to peripheral end of ulnar, and central end of ulnar to 
peripheral end of median. Two catgut sutures through the epineurium used 
in each case. 

Right side. Ulnar cut just above elbow and sutured with two catgut 
sutures through the epineurium. 2 

Examination. April 20 (4 weeks after operation). Left side. The 
nerves at the double cross sutures bound together by a large amount of new 
growth, so that it was not possible to separate the median-ulnar tract from 
ulnar-median tract. Attempt made at physiological examination 

1. Stimulation of wound and above gave signs of pain and reflex move- 
ments but no flexion. 

2. Stimulation of peripheral ulnar gave no response even with very 
strong induced currents. 

3. Stimulation of peripheral median above elbow gave movements of 
flexion, found to be due to a motor branch received at this level by the 
median from the lo-cutaneous. When this alone was stimulated gave 
flexion. This branch afterwards found in all the dogs examined. 

Conclusion. No return of function to the peripheral ulnar or to the 
peripheral median as far as the fibres cut were concerned. 

Right side. 1. Stimulation at and above wound gave signs of pain, 
reflex movements including movements of foot; these latter disappeared 
after section of the median. 

2. Stimulation below the wound gave no response. 

3. Mechanical stimulation of the motor branch to the flexor carpi ulnaris 
gave slight flexion of foot. 

4. Violent mechanical stimulation of trunk of ulnar below branch to 
the flexor carpi ulnaris (cutting with scissors) gave distinct reflex movements 
showing the generation of sensory impulses. Cutting below this point had 
given no result, 
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Conclusions. Partial return of function to motor and to sensory fibres. 
As before the return of function came first toward the central end and 
proceeded centrifugally. Mechanical stimulation seemed to be more effective 
than electrical, and the return of function to the sensory fibres more rapid 
than to the motor. 


Experiment XVI. 


March 23, 1891. Large shepherd dog. Hypodermic injection of 3 gramme 
morphia sulphate followed by ether. 

Operation. Left side. Operation middle of arm. Central end of median 
sutured to peripheral end of ulnar, and central end of ulnar to peripheral end 
of median. Two catgut sutures through the epineurium in each case. 

Right side. Ulnar nerve coagulated just above elbow by stream of hot 
water (80° C.) through a bent glass tube; heating continued until stimulation 
above caused no movements of flexion. 

Examination. April 27 (5 weeks after operation). Left side. Nerve 
fused together at the wound by large amount of cicatricial tissue so that it 
was not possible to separate the median-ulnar tract from the ulnar-median 
tract. 

The physiological examination gave the following : 

1. Stimulation of median and ulnar above wound gave signs of pain and 
reflex movements; but no movements of flexion could be certainly seen. 

2. Stimulation of the peripheral ulnar below the wound and above the 
elbow gave no flexion. 

3. Strong mechanical stimulation of the ulnar at same place (cutting 
with scissors) gave distinct reflex movements showing the generation of 
sensory impulses (cutting the nerve below the elbow had given no result). 

4. Stimulation of the median just below wound gave no result. Stimu- 
lation a little further down above elbow gave strong flexion owing to the 
presence of the communicating branch from the lo-cutaneous 

Conclusions. Beginning of a return of function to the sensory fibres in 
ulnar, appearing first toward the wound. Strong mechanical stimulation 
more effective than strong electrical stimulation. 

Right side. 1. Stimulation just above wound and just below wound gave 
feeble flexion of foot even after section of median. 

2. Mechanical stimulation (blows of the small hammer) at the same 
points gave the same result. 

3. Stimulation (mechanical and electrical) at the level of elbow gave no 
result. 

Conclusions, Beginning of a return of function to some of motor fibres, 
appearing first just below the wound, indicating, as in the other experiments, 
a centrifugal development of function. 
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Portions of the nerves on each side removed and preserved as usual for 
histological examination. 


Experiment XVIII. 


March 30, 1891. Large red dog, full grown. Hypodermic injection of 
gramme of morphia sulphate followed by ether. 

Operation. Left side. Ulnar cut just above elbow; sutured after 1 hour 
with two catgut sutures through the epineurium. 

Right side. Ulnar cut just above elbow, sutured immediately with two 
catgut sutures through the epineurium. 

Examination. May 4 (5 weeks after operation). Left side. Nerve much 
swollen at point of suture. 

1. Stimulation (electrical and mechanical) of nerve at wound and just 
below gave movements of flexion together with signs of pain (reflex move- 
ments). Same result after section of median ii ch so marked. 

2. Stimulation just below wound gave flexion of foot after section of 
branches to flexor carpi ulnaris, but not after section of whole trunk below 
those branches, hence probably some return of function to the motor 
branches to the flexor profundus. 

3. Stimulation of ulnar in forearm below branch to flexor profundus gave 
no result. 

4. Stimulation directly of branch to flexor profundus gave no result. 

5. Violent mechanical stimulation (cutting with scissors) of ulnar above 
branch to flexor profundus caused distinct reflex movements. 

Conclusions. Some return of function (irritability) to motor fibres just 
below wound, but evident power of conduction as far down as branches to 
flexor profundus. Return of function to sensory fibres (violent mechanical 
stimulation) further towards the periphery, near origin of branch to flexor 
profundus, indicating a quicker return of function to sensory fibres. 

Right side. Nerve nicely united without much swelling. 

1, Stimulation (unipolar induction) at wound and below for a fraction 
of an inch gave signs of pain, reflex movements and also flexion of foot (flexor 
carpi ulnaris was seen contracting). 

2. After section of branches to flexor carpi ulnaris stimulation of the 
trunk of the nerve below wound caused slight flexion of digits (mechanical as 
well as electrical stimuli were used). 

3. Direct stimulation of the branches to the flexor carpi ulnaris and the 
flexor profundus gave no result, 

4. After section of the median and of the motor branch to the flexor 
carpi ulnaris stimulation of the ulnar below the giving off of the latter still 
gave distinct flexion of digits, though the muscular response could only be 
obtained occasionally. 


‘ = 
q 
> 
— : 
‘ 
4 
“4 
“ 


398 W. H. HOWELL AND G. C. HUBER. 


5. Stimulation of the trunk of the ulnar fully two inches below the 
wound, when strong currents were used, still gave reflex movements when no 
direct muscular movements of flexion could be obtained. 

6. Violent stimulation of the nerve near the wrist gave no response 
at all. 

Conclusions. More complete return of function to the motor fibres of the 
peripheral nerve, proceeding centrifugally from the wound. Here, as in 
previous experiments, indications that the conductivity to an impulse aroused 
above returns before the property of irritability to a direct stimulus, See 
(3) stimulation of branch to flexor carpi ulnaris. 

The return of function to sensory fibres somewhat more rapid than to 
motor, that is, the fibres can be stimulated further away from the wound. 

Portions of the nerve on each side removed as usual for histological 
examination. 


Experiment XIX. 


April 6, 1891. Large black hound, puppy. Hypodermic injection of 3 
gramme morphia sulphate followed by ether. 

Operation. Left side. Operation in middle of arm. Median and ulnar 
cut. Central end of median sutured to peripheral end of ulnar with two 
catgut sutures through epineurium. Long pieces of peripheral end of median 
and central end of ulnar removed to prevent possibility of union. 

Right side. Ulnar nerve cut just above elbow and sutured with two 
catgut sutures through the epineurium. 

Examination. May 25 (7 weeks after operation). Animal showed sores 
on ball of last digit. 

Left side. Nerves had united well, very little swelling. 

1. Stimulation (electrical and mechanical) of the ulnar above elbow but 
below wound gave no result. 

2. Stimulation at wound and above gave signs of pain, reflex movements 
including an adduction movement of forearm. 

3. Mechanical stimulation of wound gave slight abduction movements 
of paw (possibly from feeble and partial contractions of flexors of paw, though 
this was not ascertained). 

Conclusions. Unsatisfactory evidence of any return of function in the 
peripheral ulnar. 

Right side. Nerve swollen at point of suture. 

1. Stimulation (unipolar induction) above wound with stimuli too feeble 
to arouse reflex movements or signs of pain gave flexion of foot. 

2. Stimulation just below wound with same strength of current gave no 
effect ; with increase in current got flexion of foot. 
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3. Same experiments repeated after section of the median, to throw out 
the possibility of a reflex, gave same results. 

4, Stimulation of ulnar half an inch below wound with same strength 
of current as in Exp. II., gave no result; increasing the strength of current 
obtained good flexion of foot. 

In these experiments contractions of the flexor carpi ulnaris could not be 
seen when the muscle was exposed, but contractions of the flexor profundus 
were distinctly seen. 

5. Direct stimulation of the motor branches to the flexor carpi ulnaris 
gave no response. Cutting with scissors also no response. 

6. Direct (unipolar induction) stimulation to the chief motor branch to 
the flexor profundus gave no response. On cutting with scissors got a distinct 
contraction of the muscle. From two smaller motor branches to same muscle 
no response could be obtained. 

7. Stimulation (electrical) of ulnar below branches to flexor profundus 
gave no response. Outting with scissors gave distinct reflex movements 
showing production of sensory impulses. 

8. After section of all branches to the flexor carpi ulnaris and flexor 
profundus stimulation at and just below wound gave no flexion of digits that 
could be unmistakably seen (there was apparently a slight abduction of foot). 
But the nerve had been stimulated so often and exposed so long by this time 
that the results are to be considered uncertain. 

Conclusions. More complete return of function to some of motor fibres, 
the more perfect the nearer to the wound. A return of function to the 
fibres of the flexor profundus before those to the flexor carpi ulnaris which 
are given off sooner from the trunk. The return of the property of con- 
ductivity before that of irritability as shown by the experiments on the 
branch to the flexor profundus. The return of function to sensory fibres 
had proceeded farther towards the periphery than in the case of the motor 
fibres. 

Experiment XXII. 

May 18, 1891. Small brown spaniel, not full grown. Hypodermic 
injection of f gramme morphia sulphate followed by ether. 

Operation. Left side. Operation in middle of arm. Median and ulnar 
cut. Central end of median sutured to peripheral end of ulnar with two 
catgut sutures through the epineurium. 

Long pieces of central ulnar and peripheral median cut off to prevent 
possibility of union. 

Right side. Ulnar cut just above elbow and immediately sutured with 
two catgut sutures through the epineurium. 

Læamination. Aug. 1 (75 days after injury). Left side. Union of the 
two nerves very complete, scarcely any perceptible swelling. 
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1. Stimulation (electrical and mechanical) of median above wound gave 
strong flexion of foot. Both flexor carpi ulnaris and flexor profundus were 
exposed and seen to contract. 

2. Stimulation at the wound and just below gave the same result. 

3. Stimulation of the ulnar at the elbow gave the same result, but 
required stronger electrical stimulation. 

4, Stimulation of the ulnar at the giving off of motor branches to the 
flexor profundus gave a contraction of the muscle, but required an increase in 
the strength of the stimulus compared with (3). 

5. Stimulation of ulnar at wrist gave movement of digits but quires 
stronger current than in (4). 

6. A small cutaneous branch near the wrist when stimulated electrically 
gave distinct reflex movements especially of inspiration, showing generation 
of sensory impulses. 

The dorsal cutaneous branch of the ulnar was apparently abnormal in its 
origin in this dog on both sides, arising above the middle of the forcarm 
together with a branch to the flexor carpi ulnaris. It was not stimulated 
therefore on either side, but specimens from the right side were preserved for 
histological examination. 

7. Tying ligature round ulnar at wrist gave violent reflex movements. 

Conclusions. Almost complete return of function to motor and sensory 
fibres as far as the wrist at least. The irritability (motor fibres) was greater 
the nearer to the wound the stimulus was applied. 

Right side, Nerve united well but some swelling, more than on left 
side. 

1. Stimulation of the nerve at different levels as on the left side gave 
identical results, with the exception that the small cutaneous branch arising 
near the wrist, as on the left side, gave no distinct reflex movements when 
stimulated. 

2. Electrical stimulation of ulnar at wrist gave distinct reflex showing 
the production of sensory impulses at this level. 

3. Tying a ligature round the ulnar at wrist gave violent reflexes and 
signs of pain. 

Conclusions. Nearly complete return of function to both motor and 
sensory fibres as far as wrist at least. The irritability of the fibres diminished 
the greater the distance from the wound the stimulus was applied. 

Portions of the nerve on each side were removed as usual for histological 
examination. 

Post-mortem examination of the nerves on the left side showed that the 
central end of the ulnar ended in a slight enlargement which tailed off 
peripherally into a loose connective tissue-like strand. The peripheral end 
of the median was slightly enlarged and adherent to the brachial artery. 
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Experiment XX VI. 


May 29, 1891. Rabbit. Anaesthetized during the operations by ether. 

Operation. Left side. Ulnar cut just above elbow, piece ? in. long 
removed, Ends not united by suture. 

Right side. Ulnar crushed by ligature just above elbow. After removal 
of ligature stimulation above gave no flexion. 

Examination. Aug. 8 (10 weeks after operation). A very careful physio- 
logical examination was not attempted, as the experiment was made chiefly 
for histological work. The following observations were made. 

Left side. Ends of nerve not united. Stimulation of the peripheral end 
at various points along the forearm showed that it was perfectly unirritable. 

Right side. Wound not visible. Stimulation of the nerve along the 
forearm gave flexion of foot and digits easily with very weak currents, 
showing an apparently complete return of irritability. 

In this animal the difference in the appearance of the peripheral ulnar on 
the two sides was very marked. On the left side where no union was made 
it was smaller and of a translucent grayish ä On the right side it 
had the normal size and opaque look. 

Portions of the nerve on each side were saath and preserved as 1 
ſor histological examination. 
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EXPLANATION OF FIGURES. Prarxs XII.—XVII. 


The figures with one exception were drawn under a zeiss D and ocular 4. 
The outlines were filled in with the Camera Lucida and an attempt made to 
colour the drawings like the particular specimen under examination. 

Fig. 1. To show the first segmentation of the myeline in degeneration. 
Each segment completely enclosed in myeline, with a central piece of the 
axis cylinder. Experiment XX. 2 days. R. S. middle of forearm. Osmic 
acid and haematoxylin. 

Fig. 2. To show the secondary fragmentation of the myeline (extreme 
case), Exp. XX. 2 days. L. S. middle of forearm. Osmic acid and haema- 
toxylin. 

Fig. 3. To show the remnants of the disintegrating axis in the segments 
of myeline. Exp. XIII. 4 days. R. S. 3 in. below wound. Gold and 
haematoxylin. Nucleus stained blue in haematoxylin. 

Fig. 4. The same. Exp. IIL 7 days. R. S. Below wound 2 in. lei 
acid and fuchsin stain. 

Fig. 5. The same. Exp. IIL 7 days. R. S. Below wound 2 in. Picric 
acid and fuchsin stain. 

Fig. 6. To show the more rapid fragmentation of the myeline in the 
neighbourhood of the nuclei. Exp. III. 7 days. Gold and haematoxylin. 
Nucleus stained blue. 

Fig. 7. To show the multiplication and migration of the nuclei of the 
sheath and greater absorption near nuclei, Exp. III. 7 days. Gold and 
haematoxylin. 

Fig. 8. The same. Exp. III. 7 days. Gold and haematoxylin. 

Fig. 9. An instance of apparent indirect division of nucleus. The 
progressing fragmentation of myeline. Exp. III. 7 days. Gold and haema- 
toxylin. 

Fig. 10. (Drawn under obj. C. oc. 4). To show fragmentation of myeline 
especially at nuclei, and the material containing fragments of myeline which 
fills the fibre. Exp. III. 7 days. Gold and haematoxylin. 

Fig. 11. To show progressive absorption of myeline ; the proliferation of 
the nuclei; the position of the nuclei with reference to the balls of myeline ; 
and the collapse of the empty sheath. Exp. XI. 9 days) R. S. middle of 
forearm. Gold and haematoxylin. 

Fig. 12. To show still further absorption of myeline, the increase in 
nuclei and the way they are grouped round the balls of myeline. The 
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collapsed tube between the nuclei. A bit of endoneural sheath lying at the 
side of the fibre. Exp. VII. 14 days. R. S. Gold and haematoxylin. 

Fig. 13. To show the nearly complete absorption of myeline and the 
nuclei lying free in the tubes. Exp. VII. 14 days. R. S. Gold and haema- 
toxylin. 

Fig. 14. To show the irregularity of absorption. A portion of the tube 
free from myeline next to a portion still showing large segments. Exp. VII. 
14 days. L.S. Gold and haematoxylin. 

Fig. 15. The same. Exp. VII. 14 days. R. S. Gold and haematoxylin. 

Fig. 16. To show the beginning of the formation of an embryonic fibre, 
the growth of protoplasm at the nucleus. Exp. XIV. 3 weeks. R. S. 3 in. 
below wound. Gold and haematoxylin. 

Fig. 17. The same. Later stage. Exp. XIV. 3 weeks. L. S. 3 in, 
below wound. Gold and haematoxylin. 

Figs. 18, 19, 20. To show stages in the formation of the embryonic 
fibres, 18 from Exp. IX. R. S. (3 weeks), 19 from Exp. IX. R. 8. 
(3 weeks) and 20 from Exp. VIII. R. S. (3 weeks). Gold and haema- 
toxylin. 

Fig. 21. To show the flattened shape of the embryonic fibres often seen 
in the preserved specimens. Exp. Lan L. S. Below wound ? in. 
Gold and haematoxylin. 

Fig. 22. To show the large balls of myeline in the plasma cells lying 
between the fibres. Exp. XVII. R S. 4 weeks. 4 in. below wound. Osmic 
acid and haematoxylin. 

Figs. 23, 24. To show fully formed embryonic fibres and appearance of 
new sheath. Exp. XXVIII. 3 weeks. Br. to flex.-profundus. Osmio acid 
and haematoxylin. 

Figs. 25, 26, 27, 28. From the peripheral end of human ulnar 64 months 
after section, union with central end not made. To show formation of 
‘embryonic fibres.” Gold and haematoxylin. 

Fig. 29. Cross-section of human ulnar peripheral end 64 months after 
section, union with central end not made. To show cross-section of bundles 
of embryonic fibres and the appearance of the nuclei (only one bundle filled 
in). Gold and haematoxylin. 

Fig. 30. The same. Stained in haematoxylin alone. 

Fig. 31. Cross-seetion of peripheral ulnar 4 weeks after division. After 
suture but before complete regeneration. To show the resemblance of the 
nuclei and their nucleoli to cross-sections of young nerve fibres. Exp. XVII. 
4 weeks. L. S. Gold and haematoxylin. 

Figs. 32, 33. Embryonic fibres in peripheral ulnar of rabbit, 7 weeks 
after section without union to central end. To show apparent attempt at the 
formation of myeline. Exp. XX VI. Osmic acid and haematoxylin, 
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Figs. 34, 35. To show the apparent beginning of a myeline transfor- 
mation in the protoplasm of the embryonic fibres. Exp. XXVIII. 3 weeks. 
From branch to flexor profundus. Osmic acid and haematoxylin. 

Figs. 36, 37. The first, to show the isolated drops of newly-formed 
myeline, the second, to show the varicose tube formed by their union. 
(Portions of the same fibre.) Exp. XXVIII. 3 weeks. Just below wound. 
Gold and haematoxylin. 

Fig. 38. To show the isolated drops of newly-formed myeline and the 
processes which unite them. Exp. XXVIII. 3 weeks, Just below wound. 
Osmic acid and haematoxylin. 

Figs. 39 and 40. To show the same and the staining of the balls of 
myeline in the haematoxylin. Each of the fibres shows a few fragments of 
old myeline unabsorbed lying near the nuclei. Exp. . N 3 weeks. 
Just below wound. Osmic acid and haematoxylin. 

Figs. 41 and 41“ The same. To show discontinuous formation of the 
myeline tube. Exp. XXVIII. g wound. Osmic acid and haema- 
toxylin. 


Fig. 42. The same. Exp. XXVIIL Below wound. Osmic acid and 
haematoxylin. 

Fig. 43. To show varicose appearance of newly-formed tube of myeline. 
Exp. XXVIII. f in. below wound. Osmic acid and haematoxylin. 

Fig. 44. The same. Exp. XXII. R. S. near wrist. Osmic acid and 
haematoxylin. 

Fig. 46. To show the formation of the myeline tube without varicosities. 
Exp. XXVIII. I in. below wound. Osmie acid and haematoxylin. 

Fig. 47. To show union of isolated drops of myeline to form a tube. 
Exp. XXVIII. Osmic acid and haematoxylin. 

Fig. 48. To show discontinuous formation of myeline sheath. Exp. 
XXVIII. Osmic acid and haematoxylin. 

Fig. 49. Thesame. Exp. XXVIII. Osmic acid and haematoxylin. 

Fig. 50. To show the persistence of balls of old myeline as yet un- 
absorbed and their position with reference to the nuclei. Exp. XXVIII. 
Osmic acid and haematoxylin. Nuclei stained in haematoxylin. 

Fig. 51. To show the formation of a node of Ranvier. Exp. XXVIII. 
Osmic acid and haematoxylin. 

Fig. 52. To show the newly-formed myeline tube lying in the embryonic 
fibre. Exp. IX. 3 weeks. From dorsal cutaneous branch. Gold and hae- 
matoxylin. 

Fig. 53. The same. Exp. IX. L. S. Dorsal cutaneous branch. Gold 
and haematoxylin. 

Fig. 54. To show the formation of nodes of Ranvier. Exp. IX. L. S. 
Dorsal cutaneous branch. Gold and haematoxylin. 
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Fig. 55. To show newly-formed myeline tube with node of Ranvier and 
persistent nuclei. Exp. IX. L. S. 3 weeks. At wound. Gold and 
haematoxylin. 

Figs. 56, 57, 58, 59. From nerve stained in picric acid and haematoxylin. 
Exp. XIX. 7 weeks. R. S. J in. below wound. 59. An embryonic fibre. 
58. Newly-formed fibres with myeline and axis. 57 and 56. Newly- 
forming fibres, myeline as a varicose tube. Axis also present but not 
stained in the interior of the swellings of myeline. Shows how quickly after 
the formation of the myeline the axis grows down from above. 

Fig. 60. To show the branching of the axis cylinder where an old fibre 
passes into several new fibres, central end of ulnar. Exp. XXII. Cut for 
75 days and union with peripheral end prevented. Picric acid and haema- 
toxylin. 

Fig. 61. To show what seems to be the outgrowth of an axis cylinder 
from an old fibre toward a new one. New myeline lies in the embryonic 
fibre as a continuous delicate sheath. Exp. XVII. 4 weeks. R.S. Gold and 
haematoxylin. 

Fig. 62. To show the formation of several new fibres in the degenerated 
portion of a single old fibre at the central end of wound. Exp. XVII. 
4 weeks. L. S. wound of median ulnar suture. Osmic acid and haema- 
toxylin. 

Fig. 63. The same. Human ulnar nerve. Central end of nerve 6} 
months after injury. No union with peripheral end. Gold and haema- 
toxylin, 

Fig. 64. To show junction of old with new fibre at the central end. 
Exp. XVIII. R. S. wound. Osmic acid and haematoxylin. 

Fig. 65. The same. Human ulnar, Central end 64 months after 
section and no union with peripheral end. The continuation of the proto- 
plasm of the embryonic fibre” into the hypertrophied protoplasm surround- 
ing the nuclei of the old fibre, and the fragmentation of the end of the old 
myeline to be specially noted. Gold and haematoxylin. 

Fig. 66. To show junction of old and new fibres, and the new fibre with 
its thin myeline sheath lying in the protoplasm of the “embryonic fibre.” 
Exp. XVII. R. S. wound. Gold and haematoxylin. 

Fig. 67. To show junction of old and new fibres. Central end of human 
ulnar, 64 months after injury and no union with peripheral end. The 
fragmentation of the myeline and the hypertrophy of the protoplasm round 
the nuclei of the old fibre to be noted. Gold and haematoxylin. 

Fig. 68. The same. 

Fig. 69. Cross-section through the bulbous enlargement of central end 
of human ulnar, 63 months after injury and no union with central end. 
Shows the increase in the endoneural connective tissue as well as in the 
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nerve fibres. The fibre marked + shows cross section of new fibres in same 
sheath with old. Compare with figs. 63, 65. 

Figs. 70, 71, 72. To show the connection between the axis cylinder of 
the old and the new fibre. Compare 71 with figs. 64, 65. Exp. XXII. 
Central ulnar after 75 days, no union. Picric acid and haematoxylin. 

Fig. 73. To show the formation of two embryonic fibres in a fibre of 
central end near the wound, connecting a distal piece which has not degene- 
rated. Central end of human ulnar 6} months after injury. Gold and 
haematoxylin. 

Fig. 74. To show intercalated pieces of newly formed fibres without 
degeneration of distal end. Exp. XVII. L. S. 4 weeks. Wound. Osmic acid 
and haematoxylin. 

Fig. 75. The same, from central end of ulnar (Exp. XXII.) 75 days 
after section, shows the axis cylinder in the intercalated piece and its 
connection on each side with the intact axis of old fibre. Picric acid and 
haematoxylin. 

Fig. 76. The same. Exp. XXII. Central end of ulnar after 75 days. 
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ON SOME POINTS IN THE INNERVATION OF THE 
MAMMALIAN HEART. By W. M. BAYLISS, B.A., B. So., 
AND ERNEST H. STARLING, MD. MRC. P., Research 
Scholar of the British Medical Association. (Plate XI.) 


From the Physiological Laboratory, Guy's Hospital. 


_ ALTHOUGH a large amount of work has been done on the nerves acting 
on the mammalian heart, yet it is only in a few cases that the method 
of direct registration of the movements of auricles and ventricles has 
been used (Me William“, Roy and Adami’). This fact is probably 
largely responsible for the numerous gaps in our knowledge of the 
subject, as compared with the exact knowledge we have of the actions 
of the nerves in the cold-blooded animals, frog, tortoise, etc. (Gaskell?, 
Heidenhain and others). 

In a former paper“, we showed that the electrical events accompany- 
ing the contraction of the mammalian heart were exactly analogous to 
those occurring in the frog and tortoise; and we started this present 
research with a view to determining how far this analogy extended to 
the innervation of the heart in these two classes of animals, and 
especially with regard to the influence of the two sets of cardiac nerves 
on conduction between auricles and ventricles. After we had written 
the rough draft of this paper, au abstract of a communication by Roy 
and Adami to the Royal Society has appeared’, in which these authors, 
using their ingenious myocardiograph to record the ventricular and 
auricular contractions, point out that both vagi and accelerator nerves 
may affect rhythm or force or both together. As will be seen, our work 
confirms most of their results, so far as we treat of the same subjects. 
They have not, however, considered the influence of the nerves on 


1 Mc William. This Journal. Vol. rm. p. 167. 
2 Roy and Adami. Practitioner, 1889. 
* Gaskell. “Innervation of the Heart.” This Journal. Vol. tv. p. 43, and other 


pers. 

„On the Electromotive Phenomena of the Mammalian Heart.” Proc. Roy. Soc. 
Vol. rv. p. 211. 

5 Brit. Med, Journ. Feb. 27, 1892. 
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propagation across the auriculo-ventricular groove, which is the chief 
object of this paper. 

The researches of Wooldridge’, Tigerstedt* and McWilliam’, 
have shown that the normal sequence of the contraction of the heart- 
cavities is intimately dependent on the functional connexion of auricles 
and ventricles. If this be destroyed by crushing the auriculo-ventricular 
groove (Wooldridge) or by a section across the groove by means of 
Tigerstedt's atriotome, the normal sequence is abolished, the auricles 
and ventricles beating with independent rhythm. In most of Woold- 
ridge’s experiments the rhythm of the ventricles was markedly slower 
(one-third) than that of the auricles. We have found however that 
this is by no means invariably the case, but that the ventricles may 
beat almost as rapidly as the auricles, although their rhythm is quite 
independent. This effect cannot be produced by division of the auri- 
cular septum or of the chorde tendinw, nor by emptying the heart of 
blood, by clamping the great veins—showing that the ventricular beat 
is caused by an excitatory process started in the auricle and transmitted 
across the auriculo-ventricular groove. 

In our work, we have chiefly concerned ourselves with studying the 
conditions affecting conduction from auricles to ventricles. Mc William 
has already investigated the effect of stimulation of the vagus on the 
propagation of this excitatory process, and has shown that stimulation 
of this nerve is able to give rise to a block, just as in the case of the 
heart of the frog or tortoise. We have sought to continue these obser- 
vations on the vagus and to extend them to the accelerator nerves. 


Experimental methods. 

In our experiments, we have confined ourselves to dogs, which were 
anzsthetised with chloroform and a large dose of morphia (3 to 5 grs.). 
Tracheotomy being performed, an injection of curare was given in the 
jugular vein and the vagi on both sides were exposed for stimulation. 
The left vagus was cut; the right vagus was left intact, to be divided, 
if need were, later. An incision being made in the median line of the 
thorax, the chest was opened with bone-forceps as nearly as possible 
through the middle of the sternum. By keeping accurately in the 
middle line, it is easy to avoid cutting any large vessels, so that the 
operation can be rapidly performed with little or no hemorrhage. The 
left innominate vein was then cleared, ligatured in two places, and 


1 Du Bois’ Archiv, 1883. 2 Du Bois’ Archiv, 1884. 3 Loc. eit. 
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divided. A little dissection then brought to view the left inferior cer- 
vical ganglion, with its cardiac branches and the annulus of Vieussens 
lying on the subclavian artery. The anterior loop of the annulus was 
prepared for stimulation. The thoracic walls were now dragged apart 
with hooks, the pericardium incised and its margins stitched to the 
edges of the thoracic parieties. By this means the heart was raised 
well out of the chest, so that it was unaffected by the movements of the 
lungs. 

The contractions of the auricles were registered by means of a thread 
attached to the tip of the right auricular appendix which pulled on the 
lever of a tambour; the contractions of the ventricles by means of a 
modification of the pince myocardiographique. The levers of the re- 
ceiving tambours were arranged to write in the same vertical line on the 
smoked paper of a Huertle’s kymograph. Three time-markers below 
served to record the stimulation of accelerators, stimulation of vagus or 
of heart and the time (seconds). In investigating the conditions of 
propagation of the excitatory process, it is very necessary to know the 
exact moment at which the process is started; and to this end, as in 
our previous experiments on the electromotive phenomena of the heart, 
we have used the method of inducing an artificial rhythm by stimu- 
lating some part of the auricles or ventricles by means of induced 
currents, at a greater rate than the normal rhythm. For this purpose 
we used either von Frey’s rheotome, arranged as a simple interrupter, or 
the inductorium, as modified by Ewald of Strassburg, in which the rate 
of the interrupter can be varied at will, from once in two seconds to 50 
times a second. 

A fundamental fact in connection with the question of propagation 
is that first pointed out for the mammalian heart by Mc William, viz. 
that it is possible by stimulating the ventricle at a greater rate than the 
normal rhythm to obtain a reversed beat. The fact that this reversed 
sequence is abolished by the Wooldridge ligature and may be excited 
in the bloodless excised heart shows conclusively that it is subject to 
the same conditions and brought about by the same mechanism as 
normal sequence. At the same time there is no doubt that there is a 
greater resistance to impulses passing across the auriculo-ventricular 
junction in the reversed than in the normal direction. 

In many cases this reversed contraction does not succeed. We 
stimulate the ventricles 3 or 4 times per sec. and the auricles either 
continue beating at the same rate as before or they follow the ventricle 
only partially, dropping one beat out of every three or four. There 
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seems also to be a difference in the rapidity of propagation of the exci- 
tatory process in the two directions. The time that elapses after stimu- 
lation of the auricle before the ventricular lever rises is from 15“ to 16“. 
In the reversed direction the interval is longer, 19“ to 22”. These 
numbers however are the result of only a few observations, since we are 


not certain that our methods of recording can give accurately enough 


the exact times at which the contractions of the auricles and ventricles 
begin. We hope to investigate the subject more fully, taking the first 
electrical change as the index of the arrival of the excitatory process, 
By photographing the electrical changes, with the help of a capillary 
electrometer, we hope to come to a certain conclusion on the subject. 


Action of Vagi. 


A. On Auricle. The action of the vagus on the auricle is fairly 
familiar from the work of Johansson and Tigerstedt’, McWilliam, 
Roy and Adami on the subject. As in the tortoise’s heart, it may act 
either on force or rate of contraction; or, as in the majority of cases, 
both these effects may be combined. The effect on force however is by 
far the most marked. We have frequently obtained tracings in which 
the rhythm was unaltered, although the strength of the auricular con- 
tractions was markedly diminished. On the other hand, we have never 
obtained a tracing presenting an effect on rhythm alone, although this 
is often affected before the strength of contraction. Depression of the 
auricular beat under vagus excitation may occur to such an extent that 
it is exceedingly difficult to be certain whether the auricle is beating or 
not—the beats in fact seem to be reduced to invisibility. Thus we 
have often, under strong vagus stimulation, thought that the auricles had 
entirely ceased beating and that the ventricles were beating with their 
own proper rhythm. But on screwing the auricular lever away from the 
drum, so as to avoid the least possible friction, a tiny movement of the 
lever was so seen immediately preceding each ventricular beat, although 
the auricles themselves, as observed by the eye, seemed perfectly motion- 
less. In fact, we should say from the results of our experiments that it 
is extremely difficult, even using strong vagus stimulation, to cause 
complete cessation of auricular contraction. It seems possible that an 
excitatory process may occur in the auricle and may be transmitted 
thence to the ventricle, without causing any appreciable (i.e. registrable) 
contraction of the auricle itself. 


1 Johansson and Tigerstedt. Hygieia Festband, 1889, 
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B. Action on Ventricle. Johansson and Tigerstedt have di- 
vided the action of the vagus on the heart into three stages, according 
to the strength of the stimulus applied. Weak stimuli, according to 
them, affect primarily the auricles, diminishing rate and contraction, 
and only secondarily, the rate of the ventricle. Stronger stimuli stop 
the auricle altogether, the ventricle beating with its own rhythm, the 
height of the contractions being almost unchanged. The strongest 
stimuli affect also the ventricles in the direction of inhibition. Roy 
and Adami came to practically the same results. Our experiments 
bear out for a great part these conclusions; but we must make one 
reservation with regard to the point we have mentioned above, ie. the 
difficulty of being quite certain that the auricles have really ceased 
beating and that the ventricles are beating with their own proper 
rhythm. There is no doubt however that the ventricles are much less 
subject to vagus influence than the auricles. The direct action of the 
vagus on the ventricles can be indubitably shown when, under moderate 
stimulation, the normal rhythm is reversed, and the auricles are beating 
extremely feebly after the ventricles. Instances of this we have ob- 
served a few times, and have then noticed that strengthening the vagus 
stimulation causes further slowing or stopping of the ventricular beat 
and the same result is invariably obtained in the common case of 
apparent complete auricular inhibition. 

The direct action of the vagus on the ventricle is further shown by 
the old observation of Einbrodt, which we have confirmed, that it 
requires much stronger induced currents to send the ventricle into 
delirium under vagus excitation than under normal conditions. 

It is more difficult to be certain of the direct effect of the vagus on 
the force of the ventricular beat. Tracings taken by Roy and Adami 
with their myocardiograph show no diminution of the ventricular beat 
during vagus excitation. We have found that, although moderate 
stimuli have no effect in diminishing the strength of the ventricular 
contraction, yet if the stimulus be largely increased, there is a slight 
diminution in the strength of contraction, as recorded by our methods. 
We do not think, however, that we are justified in arguing from this 
slight diminution in strength of the contraction, a direct depressor effect 
of the vagus on the ventricle. Under prolonged vagus excitation, the 
increasing asphyxia of the cardiac muscle and distension of its cavity 
would sufficiently account for it, without assuming any special depressor 
action of this nerve. So we would conclude that the vagus has a direct 
effect on the ventricular rhythm, but that it is unable to affect the 
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strength of the ventricular beat a marked contrast to what obtains in 
the auricles, 

C. Effect of vagus on conducting power of auriculo-ventricular junc- 
tion. This may be studied on the heart beating normally or on hearts 
excited to contract by means of stimuli applied to auricle or ventricle. 
The effect of the vagus in producing a block to the passage of normal 
impulses from auricle to ventricle was pointed out by McWilliam 
(loc. cit.) A very common effect of stimulation of this nerve is that 
the auricle goes on beating at rather slower rate and with gradually 
diminishing strength, while the ventricle stops dead for some time, or 
only responds every now and then to the auricular beat. In many 
cases it is possible, by adjusting the strength of the stimulus, to obtain 
a tracing showing that the ventricle responds only to every second 
auricular contraction—an effect exactly analogous to that produced by 
Gaskell in the tortoise and frog by incision or clamping of the auriculo- 
ventricular groove. 

In artificially excited hearts, the blocking effect of the vagus on 
conduction in either direction can be easily shown. If the auricles are 
excited 3 or 4 times per sec., the ventricle as a rule responds regularly 
to every auricular beat. If then the vagus is stimulated with a weak 
induced current, the ventricle may drop every other beat, or may for a 
short time cease to respond at all to the auricular contractions. 

The auricular contractions are at the same time diminished in size 
from the direct action of the vagus on the auricles; and it might be 
argued that the defective propagation was due to depression of the exci- 
tatory process at its starting-point. But we know already from study of 
hearts under vagus excitation, that a beat of the auricle which is almost 
inappreciable, can cause contraction of the ventricles; so that we are 
forced to conclude that the effects are due to a diminution of conducting 
power and not to the depression of the excitatory process in the auricles. 


The fact that these blocking effects can be produced with weak currents 


shows that they are not due merely to lowered excitability of the 
ventricular muscle, for it needs a strong stimulation of the vagus to 
produce a slowing effect on the ventricular rhythm, or any appreciable 
diminution of its excitability. 

A vagus block is still more easily produced when the ventricles are 
being excited and so are initiating the contractions. This fact is what 
one would expect from the depressing action of the vagus upon the 
auricles (the receiving tissue) and would not by itself afford any evidence 
of interference with the mechanism of propagation. But probably in 
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this case both factors are involved in preventing the transmission of the 
contractions from ventricles to auricles. 


Action of Accelerator Nerves, 


A. On Auricles. Stimulation of the accelerator nerves, commonly 
so-called, may have one or both of two effects—augmentation and ac- 
celeration (cp. Roy and Adami, loc. cit.). This double function of these 
nerves is well-defined. The most common effect is a combination of 
these two; that is to say, the auricle beats much faster and the beats 
are increased in amplitude. But it is by no means rare to obtain either 
augmentation or acceleration separately. In some cases, excitation of 
the large internal cardiac nerve (Pawlow) on the right side produced 
marked acceleration of the auricular rhythm, accompanied by a depres- 
sion of the strength of its beat. The depression was no doubt due to 
stimulation of admixed inhibitory fibres, but the fact that acceleration 
may be accompanied by depression shows conclusively, we think, that 
the two functions of augmentation and acceleration may be to a large 
extent independent of one another. 

On the other hand, augmentation without acceleration is a not 
infrequent result towards the end of an experiment, when the auricles 
are beating quickly and feebly. | 

B. On Ventricles. Till recently, a direct action of accelerators on 
the ventricle had not been demonstrated. There are manifestly diffi- 
culties in the way. The beat of the ventricles is so largely determined 
both in rhythm and power by that of the auricles that it is difficult 
(with the means used in investigating the action of cardiac nerves by 
von Baxt, Boehm, Pawlow and others, it would be impossible) to be 
certain that any given result is not indirectly effected through the 
intermediation of the auricles. Roy and Adami have recently shown 
however that the accelerator (or augmentor) nerves may have a 
distinct effect on the ventricles in increasing the force of their contrac- 
tions. We have confirmed this and have also been able to demonstrate 
an accelerator effect of these nerves on the idio-ventricular rhythm. 

1. Augmentor Effects. The augmentation of the ventricular beat 
normally seen as the result of stimulating the sympathetic cardiac 
nerves, may be fairly ascribed to an increased inflow of blood at each 
augmented auricular beat. A difference in the strength of the excita-. 
tory process as it reaches the ventricle from the auricle would not by 


1 Du Bois’ Archiv, 1887. 
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itself cause any augmentation of the ventricular beat, since the ventricle 
always responds to an efficient stimulus with a maximal contraction. 

We have however obtained tracings of ventricular and auricular 
contractions before, during, and after stimulation of the anterior loop of 
the right annulus of Vieussens. In these it can be seen that, although 
the auricular beats are unaffected in strength (or, if anything, they are 
slightly diminished), there is nevertheless a marked augmentation of 
the ventricular beat. The same augmentor effect on the ventricle may 
be sometimes observed when the sympathetic cardiac nerves are stimu- 
lated during a vagus excitation sufficient to annihilate the auricular 
contractions. In neither of these can the augmentation be due to an 
increased inflow of blood during diastole, and so must, we take it, be 
ascribed to a direct action of these nerves on the ventricular muscle 

itself. 

2. Accelerator Effects. Here again we have obtained distinct 
evidence of direct action of the accelerator nerves on the ventricles. 
Acceleration of the ventricular beat is often to be observed if the 
accelerator nerves are stimulated simultaneously with the vagi, the 
strength of the vagus excitation being adjusted so as to annihilate the 
auricular contractions. But the possibility of an excitatory process 
occurring in the auricles unaccompanied by any contraction that can 
be recorded by the means at our disposal, prevents us from drawing any 
conclusions from these results, In one or two cases however, during 
vagus stimulation, a very faint auricular beat followed the ventricular 
beat. The stimulation of the accelerator nerves in these cases caused 
acceleration of the ventricular beat. As the ventricles in these cases 
were initiating the beat, it is clear that the accelerator effect could not 
be due to the quickening of any invisible contractions occurring in the 
auricles. (The records were obtained on a slowly-moving surface. To 
be certain however of the sequence of contractions, the drum was put 
on to the fast rate, for a few seconds, just before exciting the accelerators 
and just afterwards; and we only accepted as reliable those tracings 
which showed a slight auricular contraction immediately following the 
ventricular. This sequence could be easily made out on the part of the 
curve taken at the fast rate.) 

C. On Conduction. The improving effect of stimulating accelerator 
nerves on the conduction across the auriculo-ventricular junction can 
be easily and invariably demonstrated when the contraction-wave is 
made to travel in reverse direction by artificial excitation of the ven- 
tricles. The ventricles are excited rhythmically, and the rate of 
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excitation is gradually increased until it is seen that the auricles no 
longer beat in response to every ventricular contraction. If one vagus 
be intact in a morphinised animal, a rate of 3 per sec. is generally 
sufficient. If both vagi however are divided before the experiment, the 
ventricles may have to be excited 4, 5, or 6 times per sec., before the 
auricles refuse to follow. When we have determined the rate of ven- 
tricular contraction which is just too much to be transmitted to the 
auricles, the ventricle is excited at this rate and the accelerators then 
stimulated. In every case, stimulation of the accelerators removes the 
block, and the auricle beats during, and for a short time after the stimu- 
lation at the same rapid rate as the ventricle. (See Fig. 1, Plate XI.) 

The same objection however as in the case of the vagus prevents 
us regarding this effect as a mere improvement of conduction. The 
paramount influence of the accelerators on the auricles would justify us 
in explaining this result as due to an increased excitability of the 
auricular muscle. We can however produce a block in the Mammalian 
heart, as in the tortoise heart, by partial crushing of the auriculo- 
ventricular groove. In one experiment the auricles responded per- 
fectly when the ventricles were excited about 3 times per sec. The 
auriculo-ventricular junction was then partially crushed by means of a 
ligature. When the ligature was relaxed, the ventricles at first beat 
with a different rhythm to the auricles; but after about 10 minutes the 
normal sequence of contraction was restored. It was now found that 
artificially induced ventricular contraction at the same rate as before 
was not transmitted to the auricles—that is to say, we had produced a 
block by the ligature. On stimulating the accelerators, this block was 
removed, and the auricles béat at the same rate as the artificially 
excited ventricles. 

In the same way, it is possible to excite the auricles to contract so 
rapidly that the contractions are not all transmitted to the ventricles. 
The ventricles beat irregularly or else respond to every second auricular 
beat. Here we have produced a block—not by lowering the conduction- 
power of the tissue, but by raising the demands on the conduction- 
power of that tissue. This block can in like manner be removed by 
stimulation of the accelerator nerve. This effect cannot be so invariably 
demonstrated as the effect on the reversed beat. In many cases, the 
ventricle will respond to as many stimuli as it is possible to apply to the 
auricles—further increase of stimuli to the auricles only serving to send 
these organs into delirium. One experiment of this sort, in which we 
obtained this result again and again, was interesting from the fact that 
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towards the end of the experiment, stimulation of the accelerators (for 
the twelfth time) was absolutely without effect on the auricular beat. 
Almost immediately after this record was taken, the auricles were again 
stimulated about 5 times per second—the contractions not being fol- 
lowed by regular contractions of the ventricle. Stimulation of the 
accelerators now had the power of removing this block, as in the 
previous eleven observations (Fig. 2, Plate XI.). This experiment shows 
that the fibres which improve conducting tissue may retain their excita- 
bility after the accelerator fibres to the auricles have lost their effect, 
and that they are therefore probably distinct from the latter fibres. 

Stimulation of the accelerators seems to quicken the rate of propa- 
gation of the wave from auricles to ventricles. Thus in one day, the 
times that elapsed between stimulation of the auricle and rise of the 
ventricular lever were, in a series of measurements, taken from several 
different experiments, | 

Before stimulation of accelerators : 

During stimulation of accelerators : 
14”, 135“, 13“, 13“, 13“, 13“, 13“ 125“. 

We shall investigate this question more fully with the help of the 
capillary electrometer. 

Thus going to the dog’s heart, as to the heart of the tortoise, there 
are two sets of fibres, each of which has an improving or depressing 
effect on rhythm, contractility and conducting power. The analogy is 
the more striking, since it is stated that there is no muscular continuity 
between the auricles and ventricles of the mammalian heart. If this 
be really the case, it would seem to be quite a matter of indifference to 
these phenomena—blocking by clamping of vagus, removal of block by 
stimulation of accelerators—whether the transmission of the excitatory 
process is effected by muscle or nerve. The phenomenon of reversed 
contraction also, if carried out by a nervous connection, is, as Prof. 
Gotch has pointed out to us, an absolutely new fact in muscle and 
nerve physiology. For here we should have nerve-fibres with a motor 
termination (or what corresponds to motor termination) at both ends, 
and capable of being excited at either end. No doubt many of our 
results on conduction might be explained by ascribing them to 
heightening or lowering of the excitability of the receiving tissue. But 
we think the considerations we have already adduced in discussing the 
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action of the vagus on conduction and those brought forward by 
Mc William (loc. cit. p. 369) rather point to our first interpretation. 

We would conclude then that there is no essential difference 
between the hearts of the mammal and of the cold-blooded animals ; 
and that each is subject to the same varieties of nerve-influence. 

We cannot leave this subject without alluding to one statement of 
Roy and Adami, which is in direct opposition to all previous work on 
the matter, and which we have been quite unable to confirm. In 
describing the mode of interaction of the vagi and accelerators, these 
authors point out “that when the vagi are paralysed by section or 
atropin, the augmentores would seem to have no control over the 
cardiac rhythm and that, therefore, they can only act by inhibiting the 
influence of the vagi on the rhythmic centre of the heart.” When von 
Baxt' made his classical researches on the accelerator effect of these 
nerves on the heart, he commenced all his experiments by dividing 
both vagi. All the numerous tables of the acceleration produced by 
stimulation of the accelerator nerves were results obtained from 
animals in which both vagi were divided. We have almost invariably 
obtained acceleration on stimulating these nerves when both vagi 
were cut. The few cases in which we did not obtain this effect were 
those in which the stimulation was tried at the end of a long 
experiment, and the animal was exhausted and the heart beating 
very rapidly—perhaps in consequence of reflex acceleration excited 
by the strong stimulation of sensory nerves. The usual acceleration 
we obtained in dogs with both vagi cut was from 7—9 to 11—13 in 
four seconds—an acceleration of about 50% | 

We have not tried the effect of stimulation of the accelerators after 
administration of atropin. Boehm however states that he obtained 
quickening of the beat on stimulating these nerves in cats poisoned by 
this drug. 


DESCRIPTION OF CURVES. PLATE XI. 


The curves are to be read from left to right. The upper tracing is the 
ventricular; the next, the auricular beat. The ventricular lever moves 
upwards, the auricular downwards with each contraction. Each double 
excursion of the time-marker represents one second. 

Fig. 1. The ventricles were excited 14 times in 3 seconds. The auricles 


1 Du Bois’ Archiv, 1877, p. 521. 
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did not respond, but went on beating at their original rhythm of 11 in 3 
seconds, Excitation of the accelerators at a and ö caused the auricles to 
follow the ventricles. In the tracing, two stimulations of the accelerator 
nerve are shown; and in each case the block was removed some seconds after 
the current was thrown into the nerve, and the improved conduction lasted 
some time after stimulation of the nerve was discontinued. 


Fig. 2. The lowest line is the time-marking ; the next shows the stimula- 
tion of the auricles, and the next the stimulation of the accelerator nerve 
(anterior loop of left annulus of Vieussens). On stimulating the auricles 5 
times a second, the ventricles followed very irregularly, dropping one beat in 
every two or three. Eleven seconds after commencement of accelerator 
excitation, the block is removed and the ventricle responds to every 
auricular beat. This improvement in conduction lasts 13 seconds after exci- 
tation of the accelerators has ceased. This tracing is the one mentioned in 
the text, taken just after one which showed that the accelerator nerves had 
quite lost their power to affect the rhythm or power of the auricles. 
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A NEW FORM OF APPARATUS FOR MEASURING THE 
RESPIRATORY EXCHANGE OF ANIMALS. By JOHN 
HALDANE, MA., MD. 


THE more important forms of apparatus hitherto employed for con- 
tinuously determining Respiratory Exchange are those of Regnault 
and Reiset, of Pettenkofer and Voit, and of Zuntz. The apparatus 
described below has been in use for some time in the Physiological 
Laboratory, Oxford, and elsewhere, and for many purposes presents 
great advantages as regards accuracy and simplicity. 

The determinations of carbonic acid and moisture are made directly, 
while the oxygen determinations are made indirectly, as in Petten- 
kofer’s apparatus, it being assumed that no weighable quantities of 
nitrogen, or any other gaseous or volatile substances, are given off from, 
or absorbed by, the animal during the experiment. The whole appara- 
tus, as arranged in an experiment, is represented in Fig. 1. Each of the 
Woulff’s bottles (1 to 5) has a capacity of about 3 litres, and weighs 
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Fig. 1. 


when filled about 3500 grammes. Each is provided with a tube of 
about 4 inch internal diameter, passing down to near the bottom of the 
bottle, and a shorter tube passing just through the cork (see Fig. 2). 
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The bottles 2, 3 and 5 are filled with pumice-stone soaked with 
sulphuric acid, and are destined for the absorption of moisture. The 
bottles 1 and 4 are filled with soda-lime, and absorb carbonic acid. 
The animal chamber (Ch.) consists either of a large wide-necked 
43 bottle, as shewn in Fig. 1, or of a tin vessel (Ch. Fig. 2) provided with a 
© "  remoyable glass roof, capable of being easily closed air-tight by means 
of soft wax. To prevent drafts the entrance and exit tubes of the 
chamber should be bent round as shewn in Fig. 2. Inside both 
chambers is placed a removable perforated metal floor on which the 
animal rests. The removable vessel shewn underneath the animal 
chamber in Fig. 2 is for the reception of urine. The form and size of 
the chamber used will naturally depend on the size of the animal, and 
on the nature of the experiment to be performed. The bottle shewn 
in Fig. 1 has a capacity of 16 litres, and is suitable for a cat or large 
rabbit. As the chamber is weighed along with the animal both before 
and after the experiment, it is advisable to have its capacity as small as 
is consistent with the comfort of the animal. Any slight error due to 
a difference in the temperature or composition of the air in the chamber 
at the beginning and end of an experiment is thus reduced to a mini- 
mum. 
The meter (M.), although not an essential part of the apparatus, is 
convenient as an indicator of the amount of the ventilation employed. 
The air-current is obtained from a filter-pump (P.). The inverted 
| bell-jar (J.), which stands in a trough of water, is useful in preventing 
1} a sudden excess of negative pressure in the apparatus; also as an 
indicator of the pressure actually employed. The tightness of the 
joints in the whole apparatus may be tested by corking the open tube 
of bottle 1, and, the filter-pump being in action, clamping the tube 
between it and the bell-jar after a negative pressure of four or five 
inches of water has accumulated in the apparatus. The presence of any 
leak is shewn by the movement of the meter, or the fall of the column 
of water in the bell-jar. 

The air passing into the chamber is completely deprived of moisture 
and carbonic acid by the flasks 1 and 2. Hence the whole of the 
moisture and carbonic acid in the air leaving the chamber comes from 
the animal. The increase of weight in flask 3, indicates the moisture 
given off, and that of 4 and 5 together indicates the amount of carbonic 
acid. The latter two flasks must be weighed together, as the soda-lime 
gives off moisture to the dry air from flask 3, and may even lose in 
weight. The oxygen absorbed is estimated by subtracting the actual 


8 


RESPIRATION APPARATUS. 421 


loss in weight during the experiment of the chamber containing the 
animal from the total loss of moisture and carbonic acid. As nothing is 
lost but moisture and carbonic acid, and nothing is absorbed but oxygen, 
the difference represents the oxygen absorbed. 

In performing an experiment the course pursued is as follows. 

Bottles 3, 4 and 5 are weighed. The latter two may be weighed 
together to save trouble. The animal is now placed in the chamber, 
which is then connected directly with the meter on one side and with 
bottle 2 on the other, and tested for tightness. The cork in flask 1 
having been removed, the ventilation to be maintained during the 
experiment is now established and noted. After a few minutes the 
ventilation is stopped, and the animal chamber stoppered and weighed. 
The object of the preliminary ventilation is to allow the air in the 
chamber to assume as nearly as possible the temperature and composi- 
tion which it will have at the moment when the chamber is again 
stoppered at the end of the experiment. As long as it is stoppered the 
weight of the animal chamber does not vary, and the difficulty in 
weighing due to the constant loss in weight of the animal itself is thus 
avoided. The experiment dates from the moment of stoppering the 
chamber. 

After the chamber is weighed the whole apparatus is connected up 
as shewn in Fig. 1, and again tested for tightness. The ventilation is 
now re-established at the same rate as in the preliminary ventilation, 
and maintained until the end of the experiment. e pump then is 
‘stopped, and the animal chamber stoppered and weighed. Bottles 3 to 
5 are afterwards weighed. For continuous experiments it is well to 
have two sets of absorption bottles, one set being weighed and ready to 
substitute for the other at the end of each period of observation. 


The following example will illustrate the application of the method. 


Cat, weight 2500 grammes. Duration of experiment, 1 hour. Rate of 
ventilation 720 litres per hour. 


grms. 
Weight of chamber and cat at beginning 690386 
” „ end 6900-95 
Loss 2-91 
Weight of flask 3(H,SO,) at beginning 3733-47 
” „ „ end 3735˙93 


Gain ( H, O absorbed) 2040 
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grms. 
Weight of flasks 4 and 5 at beginning 5839-92 
” ” „ end 5842˙78 

Gain (= CO, absorbed) 2°86 

Total H, O and CO, absorbed 532 
Loss in weight of chamber + cat 2°91 


Difference (= Oxygen absorbed) 2°41 


Respiratory quotient (- it) = 

The following are the details as to the preparation of the apparatus, 
and the precautions necessary in its use. 

The pumice-stone in the absorption flasks for moisture is in fragments 
of about 4 an inch in diameter. It is prepared by heating it to redness 
with a large blow-pipe flame, and throwing it, while still hot, into 
ordinary strong sulphuric acid; the superfluous acid is then allowed to 
drain off. As pumice thus prepared yields at first a slight trace of 
sulphurous acid to an air-current the bottles should be washed with air 
before use. In employing the bottles care must be taken that the air 
enters by the tube reaching to the bottom of the bottle. If the air- 
current is in the opposite direction moisture may be given off from the 
dilute acid which gradually collects at the bottom. 

The soda-lime is prepared by mixing freshly-slaked builder’s lime 
with concentrated caustic soda solution (commercial) until the mixture 
becomes of a granular consistence. The powder is then separated off 
by means of a fine wire sieve, and the coarser fragments by means of a 
sieve of about 5 meshes to the inch. Soda-lime thus prepared offers 
very slight resistance to the passage of air. In order to diminish the 
resistance round the outlet of the entrance tube of the Woulff’s bottle 
it is well to place a layer of dried pumice fragments at the bottom of the 
bottle before filling in with soda-lime (see Figs. 1 and 3). Both the 
soda-lime and the sulphuric acid bottles will last over a large number 
of experiments without recharging. The soda-lime bottles become 
soonest exhausted. The efficiency of either kind of bottle may always 
be tested by placing a second apparatus directly behind the first in the 
ventilation current. If the second increases in weight the absorption is 
incomplete. 

The corks in the bottles must fit very tightly, and should be 
thoroughly soaked with paraffin, and put in while the paraffin is still 
soft. The bottles are weighed without stoppers, as they do not 
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appreciably alter in weight when left open for a short time. They 
must of course be thoroughly cleaned externally before use. The 
balance should weigh to centigrammes, and should stand in the same 
room with the respiration apparatus. 

In weighing the animal chamber some difficulty may at first be 
experienced from the movements of the animal, but this can be got 
over by a little practice in observing the swings of the balance, or by 
attracting the animal’s attention, and so keeping it still. A consider- 
able error in weighing might arise from variations in the difference in 
temperature between the air of the chamber and that of the room. A 
variation of 1°C. in this difference between two weighings would cause 
in the case of the glass chamber shewn in Fig. 1 an error of about 
0:06 grms. With a cat the difference in temperature between the air 
entering and that leaving the chamber is about three degrees, and is 
little affected by the amount of the ventilation current. A variation, 
during the experiment, of the heat production by the animal would 
affect this difference, and where it occurs the possible extent of the 
error in weighing must be taken into account. If the air present in 
the animal chamber is found to be too dry a weighed bottle, containing 
water, may be placed between the chamber and flask 2. 

The form of aspirator found most convenient is shewn in Fig. 3 
and in Fig. 1 (P.). (A.), Fig. 3 is a brass T piece, of about 4 inch 
diameter, and fitted with a cork perforated by a piece of narrow glass 
tubing as shewn. Over the end of the glass tubing is tied a 
double strand of wire, the object of which is to break up the jet 
of water passing from the tubing. (B.) is a piece of lead tubing, of 
about 3 inches in length, and somewhat flattened at (C.). The most 


Fig. 3. 

favourable position and amount of constriction of (B.) may be deter- 
mined with the help of the meter. An aspirator of this form gives a 
far larger air-current for a given flow of water than an ordinary glass 
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filter-pump. If the tap is on the main water-supply a ventilation of 
1200 litres per hour can easily be obtained. 

With any animal respiration apparatus careful test experiments are 
essential. Of these a considerable number have been performed in 
connection with the present apparatus. The first question to be con- 
sidered relates to the completeness of the absorption by the flasks. 
The supposed difficulty in obtaining complete absorption of the car- 
bonic acid and moisture in a rapid air-current has hitherto hindered 
physiologists from adopting a method such as that just described. 
The use of the absorbents referred to above entirely obviates this 
difficulty. So complete was the absorption found to be, even with 
very rapid air-currents, that a small apparatus, weighing less than 
100 grammes, was afterwards devised for the very accurate determina- 
tion of carbonic acid and moisture in outside air’. 

The following figures, relating to the latter apparatus, may de here 
quoted in illustration of the completeness of the absorption. 2320 
litres of air were led through an absorption apparatus for moisture, at 
the rate of 1 litre per minute. At the end of the experiment a gain 
of 12°8255 grammes had occurred in the weight of the apparatus. A 
second absorption apparatus, placed behind the first in the air-current, 
had varied by less than 1 milligramme in weight. The first apparatus 
was still absorbing moisture completely at the end of the experiment. 
Even with an air-current of 7 litres per minute the absorption was 
complete. With,the small absorption apparatus for carbonic acid 500 
litres of air could be passed through, at the rate of 1 litre per minute, 
without sensible variation in weight of a second apparatus placed 
behind the first. In the large absorption bottles of the respiration 
apparatus the fragments of pumice and soda-lime are coarser: on the 
other hand the air-current is relatively much slower than with the 
small apparatus: moreover the soda-lime is used moist in the large 
apparatus, which much increases the absorbing power for carbonic acid. 
The absorbing power was first tested by simply coupling up the whole 
of the Woulff’s bottles, and passing a current of air through them. 
The following was the result of this experiment. The ventilation was at 
the rate of 400 litres per hour, and the experiment lasted an hour. 


The flasks were arranged in the order given. 


Sulphuric acid flask 1 + 5°30 
2 7 0˙00 


1 Haldane and Pembrey. Phil. Mag. April, 1890. 
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Soda-lime flask 3 — 0:35 
Sulphuric acid flask 4 + oan 
” ” ” 5 + 0-00 
1 » „ 8 +001 
Soda lime „ 7 
8 + ose} 01 


In many other experiments a second absorption apparatus has been 
placed directly behind a first in the air- current. The second apparatus 
occasionally loses ‘01 gramme, but usually either remains unaltered or 
gains 01 gramme. 


The second test was to shew that weighed quantities of moisture 
and carbonic acid, allowed to pass into the air-current between two sets 
of absorption apparatus, are completely recovered in the second set. 
The moisture was thrown in by allowing the dry air to bubble through 
a weighed bottle of water, Fig. 2, (3). The carbonic acid was passed 
in from a weighed apparatus, Fig. 2, (A), containing dilute hydro- 
chloric acid, and some fragments of marble (M.) lying on broken glass. 
The stream of carbonic acid was regulated by means of the glass tap 
(J.) and by counting the number of bubbles passing through the water 
in the bulb (B.) (which was part of a broken potash bulb apparatus). 
A steady stream of carbonic acid of any required rapidity was thus 
obtained. In order to avoid errors of weighing, due to varying dis- 
placements of air by the apparatus, care was taken to bring the acid to 
the same level in the smaller flask at the end of the experiment as at 
the beginning. The first series of experiments was made without the 
chamber, bottles 3 and 5, Fig. 2, being connected directly. 

The results are shewn in Table I. 
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TABLE I. 
Number of experiment 
1 2 3 4 5 

Loss of flask 3 (water) 4°86 | 2:90 | 3°83 | 1°85 | 3-62 
Gain of flask 4(H,SO.) 4°85 | 2°92 | 3°85 | 1°85 | 3°61 

Difference 0-01 | 0-02 | 0-02 | 0:00 | 0-01 
Loss of CO, apparatus 1-11 | 1:18 | 3-73 
Gain of flasks 5 and 6 1-11 | 1-20 | 3-72 

Difference 000 | 0-02 | 001 
Ventilation in litres per hour | 340 | 360 | 825 1100 900 
Duration of exp. in minutes 70 60 | 60 30 40 


Numbers 1 and 2 were made with absorption flasks of about half the 
weight of those described above. In number 2 the air passed through about 
50 feet of lead tubing, which was interposed between the two sets of absorption 
flasks. 


The limit of error in test experiments of this kind is thus about 
two centigrammes (with the balance employed, which only weighed to 
centigrammes) ; and as this error may be in either direction it can be 
ascribed to differences in the amount of moisture condensed on the 
outside of the bottles, &c. By adopting the method of weighing 
described by Mr Pembrey and the author’ it would doubtless be 
possible to get rid of this slight error. But the gain in accuracy would, 
as a rule, be hardly worth the extra trouble. As the surface of an 
absorption bottle does not increase proportionally to its mass the 
errors of weighing due to its surface are of much less relative propor- 
tion with a large than with a small apparatus. On the other hand, 
however, errors due to variations in pressure and temperature of the air 
of the room are of the same relative importance with a large as with a 
small apparatus, Another source of error is the heating of the absorp- 
tion flasks by the moisture or carbonic acid absorbed. It is therefore 
desirable to allow the flasks to stand for a short time after the experi- 
ment is finished before weighing. 

Table II. gives the results of test experiments made with the 
animal chamber arranged as in Fig. 2. The chamber employed, how- 
ever, was that shewn in Fig. 1. 


1 Loc. cit. p. 308. 
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In order to imitate as far as possible the conditions in an experiment 
with an animal the following method was used. Bottles 4, 5, and 6, 
Fig. 2, having been weighed, the meter was connected directly with 
the animal chamber, and the aspirator set in action, so that air passed 
through bottles 1, 2, and 3 into the chamber. A stream of carbonic 
acid was at the same time turned on from A, the number of bubbles 
per 5 secs. being noted. After a few minutes the ventilation and 
stream of carbonic acid were stopped simultaneously, and the chamber 
corked. Bottle 3, the carbonic acid apparatus, and the chamber were 
then weighed and replaced; bottles 4, 5, and 6 having then been 
connected up with the chamber and meter, the ventilation and stream 
of carbonic acid were set going again at the same rate. At the end of 
an hour they were again stopped simultaneously, and the bottles, &c. 
reweighed. The air of the chamber thus contained about the same 
amount of moisture and carbonic acid at the end as at the beginning of 
the experiment, so that no allowances were required to be made for the 
moisture and carbonic acid left in the chamber, or contained in it at the 


beginning of the experiment. 
TABLE II. 
Number of experiment 
1 2 8 4 
Loss of flask 3(water) 3°05 3°14 3°31 3°65 
Loss of chamber 0°03 0-02 0°04 0-02 


Together | 308 | 3:16 | 3:35 | 3-67 _ 
Gain of flask 4 (H, 80) 3°07 3°17 3°35 3°65 
Difference 0°01 0-01 0-00 0-02 
Loss of CO, apparatus 3°57 2°90 
Gain of flasks 5 and 6 3°56 2-90 
Difference 001 0-00 


Ventilation in litres per hour | 720 740 670 750 
Duration of exp. in minutes 65 60 60 60 


The above table shews that the introduction of the animal chamber 
makes no sensible difference in the accuracy of the results. 

In some cases, for instance in experiments with a calorimeter, 
it may not be practicable to weigh the animal chamber. In such 
experiments the animal itself must be weighed,—most conveniently in 
a cage provided with a floor to prevent loss of weight through excreta 
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being passed. The ventilation must of course suffice to prevent all 
condensation of moisture on the walls of the chamber employed. This 
condition is easy to fulfil with the present method. Moreover in exact 
experiments an allowance must be made for the moisture and carbonic 
acid present in the chamber at the beginning and end of the experi: 
ment, and for the loss in weight of the animal in the interval between 
stopping the ventilation and weighing. Although these allowances 
are small, and their amount is easily calculated, yet they somewhat 
complicate matters, so that the first method is to be preferred where 
practicable. 

The following example illustrates the 3 of results by the 
second method. 


Two guinea pigs. Weight together = 1050 grms. Period of experiment, 
2 hours. Capacity of chamber 33 litres. A water bottle arranged as in 
Fig. 2 was employed to partially moisten the air passing into the chamber. 
Animals weighed and placed in chamber at 11.324 p.m. ; removed from cham- 
ber 1.28 am.: weighed 1.32} a.m. Amount of ventilation (in 115 minutes) 
645 litres. 


H. O recovered in H,SO, flask 5-65 
Add H, O left in chamber = (5°65 ) = 0°29 
Together = 5.94 

Deduct H, O in chamber at first 0°22 
* given off by water flask 2°49 

7 Together = 2°71 

H., O given off by animals 11.32} p.m. to 1.28 a.m. = 3°23 

11.33, „ 1.32 „ = 3°36 
CO, recovered in absorption apparatus 2°74 
Add 00, left in chamber (2-74 x „ = 014 
| Together = = 2:88 2°88 

Deduct OO, in chamber at first 0-05 
„e, given off 11.323 p.m. to 1.28 a.m. = 2°83 

” „ 11.322 1.32) „ = 2:94 

Total CO, and H,O 1 15 1 6-29 ‘29 
Loss in weight of animals ,, 5 ee 3°77 
„oxygen absorbed „ 2˙52 
Respiratory quotient = V 


1 Calculated from a determination of the moisture and CO, in the air of the room. 
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Several test experiments were made as to the accuracy of this 
second method. The chamber employed was a glass bell-jar of 33 
litres capacity, fixed air-tight on a slab by means of soft wax. The 
arrangement of flasks &c. was the same as in Fig. 2. The chamber was 
first ventilated with air from the room. At the end of the experiment 
the stream of carbonic acid was stopped before the ventilation, so that 
all the carbonic acid in the chamber was washed into the absorption 
apparatus. The moisture and carbonic acid in the air of the room were 
detgrmined by passing a known volume of this air = the weighed 
absorption apparatus. 


Table ITI. shews the results. 


TABLE III. 
No. of experiment 
1 2 
Moisture calculated 3°00 4°06 
Moisture found 298 403 
Difference 0-02 0-03 
Carbonic acid calculated 1-26 0°83 
Carbonic acid found ~ 1-24 0°84 
Difference 002 0-01 
Ventilation in litres per hour 380 340 
Duration of exp. in minutes 55 60 


“¥ 


Further test experiments were made with calorimeters as animal 
chambers. In some of these experiments there were distinct errors in 
the moisture determinations, owing to faulty construction of the calori- 
meters. This experience shewed the necessity of carefully avoiding 
anything capable of retaining moisture in the walls or floors of a 
chamber which cannot be weighed with the animal inside it. 

The advantages claimed for the method just described are, firstly 
that it is exceedingly accurate, even for very short experiments, secondly 
that it is much more simple and convenient than any other method 
answering the same purpose, and thirdly that it can very easily be 
tested. 

The apparatus is of a size suitable for rabbits, cats, and dogs of 
small or medium size. It is evident, however, that a similar apparatus, 
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but of a different size, may be used for smaller or larger animals, 
With very small animals the absorption-vessels and method of weighing 
described by Haldane and Pembrey in the paper referred to above 
can conveniently be employed. For large animals the size of absorp- 
tion-vessels required would be inconveniently large. The human 
respiration apparatus in the Physiological Laboratory, Oxford, was 
therefore constructed on the principle of Pettenkofer’s apparatus, 
much simplified, however, by the substitution of Haldane and 
Pembrey’s method of determining carbonic acid and moisture for 
the baryta-water tubes &c. of the Pettenkofer apparatus. 
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ON THE METHOD OF TRANSMISSION OF THE IM- 
PULSE IN MEDULLATED FIBRES. By RICHARD 


E. EDES, B.A. 


In whatever way we may picture to ourselves the process going on in a 
nerve fibre while transmitting an impulse, it must come under one of 
two heads. It must either be (a) a “chemical” process, comparable to 
a train of gunpowder, in which we may suppose the decomposition of 
one part to start decomposition in the neighbouring part and so on’, 
or (b) a “ physical” process, comparable to the vibration of a stretched 
wire! or the propagation of sound waves in a flexible tube. 

On the first hypothesis three things must take place: (a) change in 
the chemical composition of the transmitting matter, as revealed by 
chemical tests; (b) production of heat; (c) using up. of potentially 
energetic material with production of waste or unenergetic material, 
causing the phenomenon of fatigue. 

Direct evidence of chemical change has been sought for chiefly by 
trying the reaction to litmus paper of tetanised nerves. An acid 
reaction after prolonged activity can undoubtedly be proved in the case 
of the central nervous system, both in the grey and white matter“, and 
has been described by some observers as occurring in the nerve trunks’. 


Ranke himself, however, one of the chief believers in a chemical 


change in nerve fibres during activity, admits that the phenomenon 
cannot be demonstrated in the nerve trunks, and gives as a reason the 
alkalinity of the connective tissue and blood contained in the nerve, 
which would mask any acidity if present. He furthermore states that 
in the central nervous system itself the acidity is greater in the grey 
matter than in the white, and admits the possibility that the acidity in 
the latter is due to diffusion from the former. 


' Bowditch. This Journal, v1. p. 183. 

* Funke. Archiv fiir Anat. und Physiol, 1859, p. 835. Ranke. Centralblatt f. d. 
med. Wiss. 1868, p. 769—1869, p. 97. 

* Opposed by Heidenhain, Studien I. p. 248, Centralblatt f. d. med. Wiss. 1868, 
p. 833, 


PH. XIII. 28 


* — 2 * = 
» 
a 
2 


432 R. FE. EDES. 


As to the production of heat, observations also conflict“ -, but the 
balance of the evidence is much in favour of the negative view. The 
most careful experiments seem to be the recent ones of H. D. Rolleston“, 
who used a very delicate thermometer depending on the changes in 
electric conductibility of fine platinum wire at different temperatures. 
He demonstrated the production of heat in a dying nerve, but did not 
find any heat produced by a nerve in normal activity. 

In attacking the question of the fatigue of nerve fibres observers 
have used four different methods of demonstrating the capability of 
the nerve to perform its function. The least widely used is the very 
clever one of Wedens ki, who listened through a “Siemens Telephon“ 
to the tones produced by the action current in nerves at different rates 
of stimulation. He heard these tones in nerves under continued 
stimulation for as long as six hours. 

The second method is that of using the contraction of the l as 
evidence of the nerve's activity. In order to keep the muscle for any 
length of time in condition for applying this test it is necessary of 
course by some means to prevent the impulses reaching it from the 
nerve trunk. This has been done in several ways. The first was that 
of Bernstein“, who passed a constant current through the lower part 
of the nerve. He found fatigue of the nerve in 15-20 minutes. His 
experiments were repeated by Wedenski“ and Maschek“, who showed 
that Bernstein injured his nerve, producing with his constant current 
a permanently non-conducting spot. By reversing or by successively © 
weakening the polarizing current these two observers were able to get 
muscle twitches on removing the interrupting current at the end of six 
and fourteen hours’ stimulation respectively. 

Another way of temporarily isolating the muscle is that of passing 
a current of ether vapour across the nerve, used by Maschek“, with 
result the same as with the polarizing current. 

Still a third method is that of administering curare, so on 

Valentin. Gaz. Med. de Paris, 1886, p. 225. 
1 Positive een Moleschott. Untersuchungen 1x. p. 225. 
Schiff. Pfliiger’s Archiv, rv. p. 230. 
Helmholtz. Archiv fiir Anat. und Physiol, 1848, p. 158. 

2 Negative Heidenhain. Studien tv. p. 250. 

5 Rolleston. This Journal, xr. (1890) p. 208. 

3 Centralblatt f. d. med. Wiss. 1888, p. 465; 1884, p. 65. 

Bernstein. Pfliger’s Archiv, xv. p. 289. 


o Wedenski. Centralblatt f. d. med. Wiss, 1884, p. 65. 
® Maschek. Sitzwngsberichte der Kais. Akad, der Wissensch. Vol. xov. Pt. 11. deen 
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warm-blood animals (cats and dogs) by Prof. Bowditch’ in this 
laboratory and in Leipzig*. After stimulation of 14 to 4 hours there 
was a twitching of the muscle as the curare became eliminated. 

A third proof of a nerve’s normal condition, which has the merit of 
being tried on a different kind of nerve, is the slowing of the heart-beat. 
Maschek“ stimulated the vagus for several hours at a time, and found 
a slowing of the heart’s action during all the time. At intervals, for the 
sake of control, the stimulus was interrupted, when the heart-beat 
quickened again. It is to be observed that this proves not only the 
endurance of the nerve-fibres but of the nerve endings of the vagus for 
this length of time. Another experiment on the vagus by Szana‘ is 
closely analogous to the curare experiment of Prof. Bowditch. It 
consists in paralysing the endings of the vagus in the heart with atropin. 
After a stimulation of as much as six hours, the slowing became evident 
as the atropin was gradually eliminated. One might be led to suspect 
the inexhaustibility of the vagus fibres from the fact of their tonic 
action on the heart-beat, but Szana justly claims increased logical 
value for his experiments on account of the abnormally great action 
of these fibres when excited by the artificial stimulus. 

Still a fourth method of testing the continued activity of the nerves — 
is that of watching the electrical phenomenon of the action current. 
The first experiments made especially with reference to the question of 
fatigue were those of Wedenski“, who used a galvanometer and 
stimulated without intermission except at long intervals to read the 
deviation of the needle. He sometimes obtained evidence of the 
presence of the action current at the end of five hours’ stimulation, 
interrupted but a few times. A more careful set of experiments was 
made by Maschek“, also with a galvanometer. He found the action 
current in some of the trials to remain undiminished for as long as an 
hour and a half. In four hours he found quite a diminution, but on 
cutting a new cross section of the nerve and laying it again on the 
electrodes he obtained nearly or quite the original deviation. In one 
experiment cited this was done twice on the same nerve, so that at the 
end of eight hours’ stimulation, interrupted every half hour, a new cross 
section gave practically the original negative variation. In another 

1 Bowditch. This Journal, vt. p. 183. 


2 Archiv fur Anat. und Physiol. 1890. Phys. Abth. p. 505. 


Maschek. Sitzungsberichte der Kais. Akad. der Wissensch. Vol. xcv. Pt. 11. (1887) 
March. 


- *Szana. Archiv fiir Anat. und Physiol. 1891. Heft mt. and rv. p. 315. 
e Wedenski. Centralblatt f. d. med. Wiss. 1884, p. 65. 
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experiment, after fourteen hours continued stimulation the action 
current as well as the constant current had entirely disappeared, but on 
cutting a new cross section returned about one-fourth of its original 


- strength. 


Since it seemed desirable to repeat these observations, the following 
experiments were made in the laboratory of the Harvard Medical 
School, using delicate capillary electrometers. 

The arrangement of the apparatus is shewn in the diagrams. The 
electrometer (E Fig. I.) was made by melting into the side of a piece of 
rather thick glass tubing a piece of platinum wire, then washing the 
tube carefully with concentrated nitric acid, water, alcohol, and ether, 


Fig. I. 


and drawing out the point as fine as possible. The tube was then filled 
with pure clean mercury far enough to immerse the platinum wire and 
connected with the pressure apparatus (indicated on the left of 
electrometer in Fig. I.), then the point immersed in the small 
vessel of dilute sulphuric acid (1 to 6), and a little mercury forced 
through under pressure. 

The pressure, arranged to be under easy control, was then relaxed, 
drawing the acid into the capillary tube until a clean meniscus was 
obtained at a convenient place. The whole affair, mounted in a 
wooden block, was attached to the vertical stage of a horizontally 
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tipped microscope, and the movements of the meniscus measured by a 
scale in the eye-piece. It is necessary, in order to bring the meniscus 
to an equilibrium point, and also when the apparatus is not in use, to 
close the circuit through the electrometer (with the key K in Fig. I.) as 
the mercury then moves far more easily under changes in pressure, and 
is not moved by chance currents which may arise in its neighbourhood. 
This caution is mentioned by Lippman, in his original communication 
on the capillary electrometer’. It is to be observed that when a piece 
of nerve lies across the non-polarizable electrodes (see Fig. I.) this 
circuit is closed. 


The arrangement of the nerve on the electrodes is shown in Fig. II. 
A piece of hard rubber mounted above a wooden stand holds two 
non-polarizable brush electrodes for leading off nerve currents, a pair of 
shielded electrodes for applying the stimulus, and the femur bone of a 
nerve muscle preparation of a frog. The four wires connected with the 
four electrodes pass through a hard rubber plate set in the stand and 


Lippmann. Annalen der Physik und Chemie, 1873, Vol. cuxxtx. p. 546. 
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are thus well insulated. The muscle is attached by a thread to a lever 
writing on a drum, and the whole is covered by a bell glass and kept 
moist by wet sponges, care being taken not to let these touch the nerve 
or any of the electrical connections. By this means two indications of 
the passage of a nervous impulse negative variation and muscle 
contraction can be observed and contrasted. Of course results from an 
experiment so arranged cannot be held to prove the transmission of 
impulses in both directions, as the action current observed might be 
only that of the sensory fibres. This fact however has been abundantly 
proved by the experiments of Du Bois Reymond, by means of the 
action current, on the transmission of impulses in both directions in the 
spinal roots', and by experiments of other investigators’. 

The stimulus applied was a rapidly alternating induced current of 
about maximal strength, and in most cases was interrupted every hour 
for a minute or two to read the negative variation. The results were 
thoroughly in accord with the balance of the previous evidence. Within 
the limits of five hours practically no diminution whatever took 
place in the action current. The muscle on the contrary exhausts 
rapidly in the first few minutes of the stimulation, but not completely, 
as a barely perceptible amount of contraction remained for some two 


hours’ time. When the stimulus was interrupted to read the negative 


variation, the muscle revived a little and at the first and even at the 


scale | 
11.20 a.m 1 | 11 mm. 
11.30 „ 3 „ 
12. 10 p.m 1} „ 
12.20 „ 2 64 „ 
12.30 „ 
hae. barely ble 
1.25 „ ; 23 (!) 
1.35 „ imperceptible 
2.25 „ 2 imperceptible 
3.29 „ 2 imperceptible 
4.25 „ 14 imperceptible 
(See Fig. V.) 


1 Thierische Elektricitét, Vol. u. pp. 587—590. 
2? Hermann’s Handbuch der Phys. Vol. u. pp. 9—14. 
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second hourly interruptions gave a fairly well marked contraction. No 
contraction however was shown after the second hour. The above 
table is the record of a five-hour experiment with the stimulus inter- 
rupted every hour. Times of interruption are underlined. 

That this result of undiminished action current was not obtained for 
periods Jonger than five hours was due to trouble with the electrometer, 
which easily gets out of order. 

In several experiments however the stimulus was allowed to 
continue overnight (11—14 hours), and in the morning an action 
current of about one-fourth the original strength was found. Unlike 


Maschek's experiments however the result was not increased by 


cutting and laying on the electrodes a new cross section. 
The contrast between the behaviour of muscle and of nerve fibres on 
prolonged activity is strikingly shown by the curves here given. 
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In these experiments the stimulus was applied uninterruptedly for 
the whole time (38 and 80 minutes respectively) and the muscle curve 
is taken from the one actually traced, only shortened and heightened. 

Before the stimulation was begun the position of the meniscus in 
the electrometer under the influence of nerve current alone was noted, 
and taken as zero, then the stimulus applied, causing a movement of 
the meniscus upward (the arrangement being that of Fig. I.), and the 
position of the meniscus then noted at short intervals. 

In the two experiments here shown it was observed that the 
meniscus continued to rise slowly and when the stimulus was stopped 


did not return to the first zero point but made only a downward 


movement about equal to the original upward one. The point where 
it then stopped was taken as a second zero point and the observed 
readings plotted from an oblique line in such a way as to bring the two 
zero points on the same horizontal line. Thus it was assumed that 
if the stimulus had not been applied the meniscus would have moved 
with a uniform motion from the first zero point to the second, under 
some constant influence such as gradual leakage from the pressure 
arrangements, This assumption, however, is probably not correct, and 
to whatever causes these fluctuations in the curve of readings may be 
due, they probably do not represent corresponding fluctuations in the 


action current itself. Only the general conclusion then is warranted ° 


that the action current remains practically constant in size during the 
long periods of nerve activity, while the muscle contraction in striking 
contrast rapidly diminishes to a trifling size. The five-hour experiment 
cited above may also be put in the graphic form. 
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Before the arrangement of the nerve described above was adopted a 
set of observations was taken on a piece of nerve without the muscle, 
lasting an hour, the stimulus interrupted for reading every five minutes. 
The negative variation was found constant and undiminished. 

Two chief objections have been made to this method of experi- 
menting. The first is that there is no.certainty that the movements of 
the mercury observed are caused by the action current and not by 
chance currents in the apparatus or its surroundings. To guard against 
such a mistake there is first the fact that the movements obtained 
from the netve are definite in size, and are in the proper direction to 
indicate the currents which are known to arise in the nerve; while 
movements from chance currents, which from defects in arrangement 
occasionally arose, are indefinite in size and may or may not correspond 
in direction to those caused by nerve currents. The chance movements 
moreover occur just as well with a piece of wet string or a boiled nerve, 
while the definite movements which were taken as evidence of nerve 
activity were never obtained but from a piece of living uninjured nerve. 
The precautions taken were similar in character to those used by 
Du Bois-Reymond with the spinal roots“. 

The second objection is by Herzen, of Lausanne’, who considers all 
electrical experiments to be misleading and cites an experiment of his 
own as follows, using a “natural” stimulus. In a dog, cat, or rabbit the 
sciatic is cut high up on one side, electrodes are placed on both sciatics 
lower down, and the muscles of the leg exposed to be ready for stimula- 
tion. The animal is then given strychnine and thrown into a tetanus 
as violent as possible. 

Now the nerve-muscle apparatus, so to speak, of the non-cut side, is 
exhausted, while that of the cut side is fresh. This can be shown by 
connecting the two electrodes successively with an induction coil and 
finding which leg takes the greater stimulus to produce in it a barely 
perceptible contraction. This is of course the non-cut side, which has 
been tetanised. Then the same thing is tried applying the electricity 
directly to the muscles, and the difference is very slight. There is then 
a considerable exhaustion of one nerve-muscle apparatus. But there is 
only a very slight exhaustion of the muscle itself, therefore the nerve 
fibres must be exhausted. 

There is of course to be considered the possibility of the exhaustion 
of the end plates, which indeed are probably the weakest link in the 

Thierische Elektricitat, Vol. n. pp. 588—9. 
2 , Mouvements fonctionnels du Cour” (Pamphlet). Corbaz and Comp. Lausanne, 1888. 


rs 
» b 
4 4 
4 
‘ 
ae 


440 R. E. EDES. 


nerve- muscle apparatus. This possibility is excluded by Herzen by 
making a distinction between an idiomuscular” contraction, slow and 
local, and a neuromuscular contraction, which is the one obtained in the 
above experiment on direct stimulation of the muscle, and which 
demands the presence of nervous elements. He thus rejects the very 
considerable mass of evidence in favour of the view that a sharp wave 
of contraction, involving the whole length of a muscle fibre (i.e. what 
Herzen would call a neuromuscular contraction) can be called out by 
a stimulus applied to the muscle itself, of which evidence the direct 
observation of the passage of the muscle wave, and of the behaviour of 
parts of muscles unprovided with nerves, are the strongest parts“. 

The experiment of Herzen cited above was tried twice on rabbits 
in this laboratory. It is very unsatisfactory, as the tetanus does not 
last long enough to produce any great exhaustion of the uncut side. 
What difference there was, however, seemed to be chiefly or entirely 
due to muscle exhaustion. It was also tried on a number of frogs 
with the modification of attaching a lever by a thread to the gastro- 
cnemius and letting the muscle record the size of its contraction, while 
a stimulus as nearly as possible the same was applied first to both 
nerves at once, then to both muscles. This was done by passing the 
same current through as nearly as possible the same length of nerve 
and of muscle on both sides. The comparison of the irritability of the 
nerves and of the muscles of the two sides was not very accurate by 
this method, although fully as much so as by the method employed 
with the rabbits, and the difficulty of getting a sufficiently long tetanus 
was also met with here. The experiments clearly indicated however 
that the exhaustion obtained could wholly be located in the muscle. 
A similar experiment with a dog indicated the same result. 

Herzen also objects to the curare experiment of Prof. Bowditch 
and the polarizing current method of Wedenski on the ground that 
these agents for making a temporary non-conducting spot, i.e. curare 
and a constant current, affect the whole length of the nerve so that it is 
not really in activity until the removal of the so-called interruptions. In 
the case of curare, the experiments of Bernard to show that this drug 
acts on the terminations of the nerve within the muscle“ might seem a 
sufficient answer. It is however perfectly easy to show this objection 


1 Augustus Waller, M.D. British Medical Journal, 1885, Vol, 1: pp. 135 et seq. and 
1886. 
2 Hermann’s Handbuch der Phys. Vol. 1. pp. 81 et seg. 


Substances toxiques et médicamenteuses, pp. 317 et seq. 
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groundless by placing on the electrodes (Fig. II.) a nerve muscle 
preparation and drenching it with successive applications of curare, 
stimulating from time to time, not frequently enough to exhaust the 


muscle, and observing both the action current and the W 


contraction. 

The latter before long decreasgs and disappears while the net 
although given every opportunity to absorb the drug along its whole 
length, gives an undiminished action current. 

In looking over all of the foregoing series of experiments it will be 
seen that they are to be divided into two parts. First those on 
exhaustibility, which depend for their value on the positive proof of 
activity after long periods of stimulation and thus offers positive 
evidence, and second, those on heat production and chemical change 
recognized by chemical methods, of which the logical value is that of 
negative evidence, although in this case very strong. In regard to 
heat probably nothing further can be brought forward. As to chemical 
change however it is possible that new and more delicate methods may 
bring out interesting results. Something also might be looked for 
from the histological comparison of- exhausted and non-exhausted 
fibres’. 

Assuming then, as it seems we may now be justified in doing, the 
practical inexhaustibility of medullated nerve fibres, and the slight, if 
any, chemical change during activity, it remains to suggest a mode of 
transmission of energy which shall be to a very slight extent indeed, if 
at all, other than a physical one. 

Of such hypotheses the most fascinating seems that of Engelmann, 
who supposes the phenomenon of the nervous impulse to be an 
electrical one, having a velocity in the internodal segments far greater 
than the average velocity in the nerve, the delay taking place at the 
nodes of Ranvier. In support of this he maintains the axis cylinder 
to be histologically discontinuous at the nodes, This latter view is 
opposed by many histologists and, in a recent paper by Demoor“, who 
quotes Engelmann, and who maintains that the axis cylinder, while 
continuous throughout, is of a different constitution at the nodes, and 
considers that such a structure would fulfil the requirements of the 
hypothesis of Engelmann. This hypothesis Engelmann also holds 
to account for the interruption of conductivity of the impulse in a 


1 Compare Hodge, on Nerve cells.” American Journal of Psychol. May, 1889. 
* Jean Demoor. “Contribution à I’étude de la fibre nerveuse cérébrospinale ” 
(Pamphlet). (Travail fait 2 l'Institut Solvay, Univ. de Bruxelles. Juillet, 1891.) 
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id ‘ligatured nerve. It requires, of course, positive proof, of which there 


seems to be none. A much-needed bit of such proof would be 
furnished if it could be shown, as Engelmann suggests, that the 


velocity of transmission of the * is a function of the length of 


the internodal segments. 

In conclusion it should be stated that the work on exhaustion, of 
which an account has been given above, was performed at the instance 
and under the supervision of Prof. Bowditch, and owes its chief value 
to his suggestions. 


ADDENDUM. 


Since the above was written a method of histological comparison 
between exhausted and non-exhausted fibres has been tried in this 
laboratory, based on the assertion of Demoor in his pamphlet (pp. 24 
and 34) that the Frohmann'sstriations“ which consist, according 
to Schiefferdecker of a series of rings precipitated around the axis 
cylinder, are not found in exhausted nerves. The principal authority 
given for this statement is Jakimovitsch, whose articles owing to an 
incorrect reference* I could not find. 

The experiments were conducted as follows. The sciatic nerve on 
one side of a frog was stimulated for a long period, both sciatics were 
then excised, and each one cut into a number of even lengths into a 
dish of ether, in which they were allowed to remain about 24 hours. 
They were then stained } to 1 hour in silver nitrate, put into glycerin, 
and each piece teased out on a separate slide in a drop of glycerin. 

The pieces of exhausted and of non-exhausted nerves were kept 
separate throughout and the slides carefully labelled. 

Each slide was then carefully looked over under the microscope, 
(power about 250 diameters) and the labels marked according as perfect 
specimens of striations were found in it or not. In Series 2 and 3, 
especially in Series 3, precautions were taken to prevent the observer 
at the microscope from knowing whether the specimen under examina- 
tion was a piece of exhausted or of non-exhausted fibre. Many of the 
markings on the slides explain themselves, others were as follows: 


1 Frohmann. Zur Silberfärbung des Axencyl.” Arch. fiir pathol. Anat. u. Phys. 
Bd. XXXI. Heft 2. 


* Schiefferdecker u. Kossel. Gewebelehre, Iste Abth., pp. 191 et seq. 
Journ. de UV Anat, et de la Phys, 1881. 
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stri = striations wndoubtedly present in some of the fibres on the 
slide. 

stri ? = doubtful. 

stri ?? = very ‘doubtful if any striations present. 

no stri=no striations at all seen. 

stri! = striations quite numerous and good. 

stri-partial = markings undoubtedly of the same nature as the stria- 
tions but extending only partially across the axis cylinder. 


Serigs 1. 
Left sciatic stimulated 1° 10’. 
Left sciatic, exhausted. R. sciatic, non-exhausted. 
Slide no. 1. stri (poor) 1. stri 
2. stri 11 2. stri a 
3. stri (poor) 3. stri 
4. no stri 4. stri 
5. stri 5. stri 


This series clearly indicates at least a partial disappearance of the 
striations in the exhausted nerve. 


With the object of seeing if this was due to the stretching and 


handling of the nerve in laying it on the electrodes, Séri was tried 
with two frogs. On the left sciatic of one frog electrodes were placed 
and a stimulation continued for 1° 35. On the left sciatic of the other 
frog electrodes were placed and left for the same length of time, no 
stimulus being sent through them. All four sciatic nerves were dissected 
out and stained. 


Series 2. 

Frog. No. 1, Frog. No. 2. 
exhausted non-exhausted stretched unstretched 
no stri stri stri ! stri ! 
stri 1 stri ! stri ! stri 
stri stri !! stri stri!! 
no stri stri ! stri stri ! 
stri stri ?? stri (few) . stri 

stri 


This series indicates that the fibres of the exhausted side differ from 
those of the non-exhausted side and that this difference is not due to 
stretching. 

Series 3 was now made to determine whether the difficulty in 
obtaining striations in the nerve of the stimulated side was due or not 
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to the fact that the nerve during the period of stimulation lies in the 
midst of contracting muscles which are becoming acid. Series 3 was 
therefore made with excised nerve muscle preparations, the muscle being 
retained for a proof of the steadiness of the stimulus during the early 
part of the stimulation period. The unstimulated preparation was kept 
under as nearly as possible the same conditions as the other. 


Series 3. 
Stimulation time about 1° 20’. 
exhausted non-exhausted 
Slide no. 3. no stri Slide no. I. nostri 
4. stri 2. stri-partial 
6. stri 5. stri- i 
7. no stri 8. stri-partial 
10. stri??? 9. stri 
13. stri 11. stri 
15. no stri 12. stri 
16. no stri 14. stri? 


This series shows little difference between the two nerves. 

The whole impression left by these experiments is that the passage 
of the current does make some slight difference in the behaviour of the 
nerve fibre towards nitrate of silver. More series should be made with 
conditions slightly altered, but the method is laborious, and, as to finer 
results, uncertain. One thing however, seems to be well established, 
that the striations do not necessarily disappear as the result of the 
continued passing of impulses along the fibre. 

The appearance of the striations is unmistakeable. They suggest as 
much as anything a miniature railroad track running across the field, 
and are more apt to occur near the nodes of Ranvier. 

Many nerves stained with nitrate of silver without the application 
of ether were seen to give the figures on which Demoor partly relies 
for the proof of the changed constitution of the axis cylinder at the 
nodes of Ranvier. | 

I have to thank Prof. C. S. Minot and Dr J. C. Caldwell for help- 
ful suggestions, and Mr A. L. Shafleigh for assistance in preparing 
many of the slides. 
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THE ABSORPTION OF WATER IN THE ALIMENTARY 
CANAL. By J. SYDNEY EDKINS, M.A, MB, Senior 
Demonstrator of Physiology in the Owens College. 


(From the Physiological Laboratory of the Owens College.) 


THE chief difficulty that presents itself in endeavouring to obtain 
exact knowledge as to the facts of absorption in the alimentary canal is 
the apparent impossibility of devising a method which shall permit the 
processes of experimental absorption to approximate to those in the 
normal animal. With respect to intestinal absorption, the two chief 
methods hitherto adopted have been those of Gumilewski' and 
Réhmann? and Lannois and Lépine“. 

The former observers made observations upon the rate of intestinal 
absorption in loops of the intestine permanently isolated to form 
so-called: Thiry-Vella fistulae. Lannois and Lépine used the intact 
animal, They opened the abdomen, isolated with ligatures that part of 
the intestine upon which they desired to make observations, and injected 
into this part the particular fluid they were using. They then replaced 
the intestine, sewed up the abdominal wall. After an interval of an 
hour or more the animal was killed and the contents of the isolated 
portion of intestine examined. 

It appears to me very hazardous to draw exact conclusions from 
experiments done on loops of intestine isolated after the manner of 
Thiry and Vella. The totally new conditions which obtain for the 
isolated loop, such as the exposure to the air, the permanent removal 
from the influence of fluids, as for example the bile usually bathing the 
villous surface, as well as to the constant irritation inseparable from the 
work of experiment, must almost certainly cause the mucous lining of 
the loop to take on abnormal features, Those who have worked on 
such loops have been obliged to admit an occasional catarrhal state of 


1 Gumilewski. Pfliiger’s Arch. XXXIX. 566. 
2 Röh mann. Pfliiger’s Arch. XII. 411, 
3 Lannois and Lépine. Arch. de Physiologie, 1888, p. 92. 
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the mucous membrane, and it would be difficult to draw the line 
between a healthy secretion and a catarrhal exudation. 

The method of Lannois and Lépine is free from this objection. 
It appears possible that in the unanaesthetised animal the obstructions 
ingtituted may have largely hindered normal processes and probably 
more so than if the animal had been kept under a narcotic. 

The series of experiments recorded below were simply concerned 
with the absorption of water, ie. normal saline solution, in the alimentary 
canal. For comparative results as regards the rates of absorption in 
different parts it appears to me essential that the pressure of the fluid 
in those different parts should be constant. But this has involved 
keeping the animal anaesthetised during the whole experiment, and to 
that extent causing the normal conditions of absorption to be diverged 
from. Again, the means of producing narcosis would have a considerable 
influence possibly on the normal processes. For the purpose of pro- 
ducing narcosis I have used morphia and atropine with occasional whiffs 
of chloroform during an experiment. With the exception of the large 
intestine I found the alimentary canal to continue in a state of 
quiescence with all peristaltic movements absent after an injection of a 
certain dose of these drugs. The large intestine underwent considerable 
peristaltic movements when the animal was under the influence of 
morphia alone, though this was not so marked as when the animal was 
simply under chloroform. But when atropine was added to morphia 
the peristaltic movements were considerably diminished. This is 
agreeable to the old observation of v. Bezold and Bloebaum!’, who 
found stimuli bring about slight or absolutely no movement in the 
intestines of animals under atropine. I should wish to emphasize the 
necessity of administering not less than 5 mgrms. of atropine, and the fact 
that these results are less marked in the large than the small intestine. 
Clinical experience also points to the necessity of noting the dose 
employed. Whereas it is usual to administer small doses for the 
purpose of intensifying the intestinal movements, large doses are 
considered to lessen the movement considerably’. As regards the 
influence of morphia on the intestinal movements, the amount given to 
produce a state of narcosis must be considered a large dose. With 
large doses of morphia the intestine is said to remain quiescent in 
a condition of tonic contraction’. I have not been struck with the 


1 Hermann’s Lehrbuch der experimentellen Toæicologie. 
Cp. Brunton, Pharmacology. 


> Brunton’s Pharmacology, p. 856. 
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prevalence of this condition. At any rate it is not of such intensity as 
to prevent the intestine dilating fully when exposed to a moderate 
amount of internal pressure. I have, however, repeatedly noticed that 
in the totally excised loop of intestine, this tonic contraction will 
supervene upon the removal of fluid within, but this may occur without 
any drugs at all having been previously administered. Finally, I may 
state that these doses would represent large doses if administered in the 
same strength to human beings. 

The absolute value of my experiments is lessened therefore by the 
fact that the animals (and in all cases I used cats) were under the 
influence of morphia and atropine. This will not, I think, interfere 
with the relative results obtained as the different animals were always 
placed under the same conditions. 

I pass now to a description of the exact details of an experiment. 
The cat was put under a bell-jar with chloroform, and when under the 
influence of the anaesthetic, 25 minims of solution of morphia hydro- 
chlorate and atropine sulphate were injected hypodermically. The 
percentage of morphia in the solution was 2°/,, and of atropine ‘3°/,. 
This means that the injection contained about 30 mgrms. morphia and 
44 mgrms. atropine (equal to 4 grain morphia and +, grain atropine 
approximately). In some cases tracheotomy was then done and the 
windpipe connected with a chloroform vessel (communication with 
which could be shut off at will), in other cases any suggestion of revival 
from the narcosis was met by the direct application of chloroform to the 
nose. The abdominal wall was then opened along the linea alba, and 
the particular part of intestine was drawn out. It was clamped loosely 
at points on the small intestine about 30 cm. apart, in the large 
intestine considerably less. The intestine was partly cut through 
below and above the upper and lower clamps respectively, any contents 
were carefully expressed and the intestine was thoroughly washed by a 
series of lavings with warm normal saline solution. When the fluid 
issued clear the gut was considered clean, and gentle pressure was 
passed along the intestine to ensure practically al! the fluid being 
removed. Cotton twist ligatures were placed round the ends in such a 
way as to disturb the circulation as little as possible, and the supply 
tubes from the reservoir were tied into the open ends. These tubes 
were glass, encircled by a short length of india-rubber tubing, varying 
in thickness with the part of intestine used. The elastic reaction of 
the india-rubber round the zone of ligation was sufficient to ensure no 
leakage occurring. The intestine was then arranged on the surface of 
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the abdomen in such a way as to permit the vascular supply to be 
unimpeded, and was covered during the experiment by a succession of 
flannels wrung out of water at about 45°C. Though this involved a 
periodic exposure to the air, yet it was better than putting the whole 
animal in a warm bath. The room moreover was always well warmed. 
The apparatus used for the supply of the fluid was extremely simple. 
A glass tube (A), having a well-defined mark near to its upper end and 
of about 6 or 7 mm. internal diameter, was held vertically by a clamp 
which could be altered to different heights on a stand. At the bottom 
of this glass tube was connected a glass T-piece by means of india-rubber 
tubing. One branch of this communicated with a burette (B), also 
supported on a stand, the other branch finally communicated with the 


7 


supply tubes to the intestine by means of a second T-piece. In case of 
tonic contraction of the intestine causing a reflux back to the reservoir, 
a second tube (C), of greater diameter communicated with the upright 
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glass tube, and by vertical adjustment of this any reflux of fluid could 
be accommodated and yet the level kept the same in the upright glass 
tube. When in use, the upright glass tube was so adjusted that the 
mark was the desired height above the level of the intestine, and then 
the whole apparatus was filled with the fluid. After the various tubes 
had been filled, the supply tubes were clamped near their extremities and 
the level of the fluid in the upright glass tube brought up to the mark. 
The burette was filled also. After the supply tubes were ligatured into 
the intestine and the clamps removed, the level of the fluid in the gauge 
was kept constant by allowing fluid to pass from the burette into it. 
This of course involved continuous watching. In many cases the fluid 
was allowed to enter the gut at the temperature of the room. It very 
rapidly reached the temperature of the intestine. In other cases the 
supply tube was allowed to coil through the basin in which was the 
_ water where the flannels were warmed. It was found that only a 
slightly retarded onset of absorption resulted from supplying the fluid 
at the temperature of the room. The increase of bulk from previous 
warming would not introduce any very considerable error into the 
estimation of the amount of fluid. 

On making the connection with the fluid supply, a certain amount 
would be used on simply distending the intestine. As it gradually 
became absorbed it would lower the level in the gauge tube unless kept 
constant by admitting fluid from the burette, and this was done. At 
the end of the experiment the supply tubes were clamped again, the 
intestine rapidly cut out and the contents poured into a measuring 
glass. Assuming there was no secretion into the intestine the difference 
between the amount recovered aud the amount lost from the burette 
would be equal to the amount absorbed, at the pressure employed. The 
amount absorbed divided by the length of the intestine (between 
ligatures) would give the amount absorbed per centimetre of length at 
a given pressure per hour. (The time during which the intestine was 
exposed to the fluid was always one hour.) This I have called for 
convenience sake the coefficient of absorption. 

The important point to establish in this connection is the insignifi- 
cance of any secretion from the intestinal wall into its lumen. If this 
secretion occurs to any extent it is necessary to devise some means of 
estimating it, and to add that found to be present as secretion after the 
experiment to the loss by absorption. 

The existence of such a secretion into the intestine was uid to be 
of some considerable importance according to the methods adopted by 
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Gumilewski and later Réhmann. But the fact that they were 
working with the permanent Thiry-Vella fistula, would to my mind 
preclude our insisting upon it as a normal occurrence. The intestinal 
juice found secreted in loops of intestine isolated in this manner, has 
had varying properties attributed to it. Most observers agree that it 
dissolves fibrin. Others have noted its diastatic powers, and the 
property it possesses of inverting cane-sugar. The amount of sodium 
carbonate generally found in it has been used by Gumilewski and 
Röhmann as a means of estimating the secretion into the intestine 
during an absorption experiment. This proportion of sodium carbonate 
varied in different dogs, but was generally found by them to be about 
5%, According, then, to the estimated amount of sodium carbonate 
present, the quantity of intestinal juice secreted was deduced. 

As far as my experiments are concerned, there is very little evidence 
of secretion occurring in the healthy intestine, at any rate under the 
conditions in which I worked. At most I have found the merest traces 
of sodium carbonate. It must be remembered that I used atropine and 
morphia. How far may these drugs have influenced the process of 
secretion? The effects of these drugs upon the alimentary canal has 
more generally been attributed to their action upon the motor than 
upon the secretory apparatus. Brunton’ and Pye-Smith found that 
atropine did not prevent secretion into the intestine after division of 
the intestinal nerves. The assertion that atropine checks the secretion 
rests, I believe, upon no experimental evidence. Similarly with regard 
to morphia. This drug is frequently said to diminish the secretion of 
the intestine, but its known action can be perfectly explained by 
referring it simply to alteration of the motor working of the intestinal 
canal. I am disposed to think, from a comparison of experiments on 
the stomach and the intestine, that these drugs do not affect the 
secretion to anything like the same extent that they affect the 
movement of the alimentary canal. And the evidence of any secretion 
under their influence in the intestine being very trifling, I believe that 
normally such secretion is insignificant, at any rate when a fluid 
possessing no irritant properties is in contact with the mucous mem- 
brane. 


The Absorption of Water in the Large Intestine. 


I may say that by water is meant sodium chloride solution 6%, not 
distilled nor tap-water. The object of the first experiments I made 


1 Reports to the Brit. Assoc. 1874. 
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was to discover what the optimum pressure of absorption in the large 
intestine was. After a series of experiments made at different pressures 
varying from 5 cm. of water to 20 cm. of water, I came to the conclusion 
that approximately 10 cm. was that most favourable to absorption. 


EXPERIMENT I. 


Pressure of | Length of | amount of Amt. of fluid Amount | Coefficient of 


fluid intestine from burette | Tecovered absorbed absorption 


5 cm. of the 
normal saline | 13 cm. 46 C. c. 31°8 c. o 14°2 c. c. 1-09 
solution 


As regards the fluid recovered from the intestine, it gave extremely 
faintly the xanthoproteic reaction, did not respond to Millon’s nor 
the biuret, and after driving off the CO, by boiling it just perceptibly 
caused a pink tinge in a solution of phenolphthalein. Neutral litmus 
paper gave no certain evidence of reaction. 

I assume from this that there was but an insignificant quantity of 
secretion from the intestine, possibly simply discharged mucin in 
suspension. This was sometimes fairly considerable, as in the following 
experiment. 


Experiment II. 


Pressure of Length of ee of Amt. of fluid Amount  |Coefficient of 
fluid intestine | Auld passed | recovered | absorbed absorption 


15 cm. 20 cm. 86°8 c.c. 61 c.c. 25°8 C. c. 1:29 


In the fluid here, there was a considerable quantity of suspended 
mucus. This was filtered off and the filtrate tested. It was very 
slightly alkaline both by the phenolphthalein and neutral litmus tests. 

Xanthoproteic reaction was slight. 

Millon’s reaction was also slight. 

Addition of acetic acid caused a slight turbidity. No effervescence 
resulted from the addition. 

Other experiments at yet higher pressures, e.g. 20 cm. of water, gave 
rather less coefficients of absorption. 
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Experiment III. 


Amount of 
Pressure of | Length of : Amt. of fluid Amount Coefficient of 
fluid intestine | Suid passed |“ recovered | absorbed | absorption 
10 cm. 775 m. C. c. 390 c.c. 15°4 c. o. 198 


Two other experiments at the same pressure gave coefficients 2°28 
and 1:95. This would give us an average result 207 cc This would 
represent approximately 33 c.c. per square centimetre of surface. 

In one experiment, I found a distinct indication of alkali. In this 
case a pressure of 15cm. was used. It amounted on the 60c.c. recovered 
from the intestine to 0114 grms. Na, CO, This was the only occasion 
on which I found any tangible quantity, whilst experimenting with 
either the large or the small intestine. 

The general conclusion from these experiments on the W intestine 
was that a pressure of 10cm. was most favourable for absorption. The 
fluid used was in all cases normal saline solution of strength 6% . I 
may point out here that Gumilewski and Röhmann in their 


experiments used a pressure of 40—50 mm. Hg. equal to about 
54—68 cm. of water. 


The Absorption of Water in the Ileum. 


In the ileum I found rather more variation than in the remaining | 
parts of the intestine. The experiments here were all done at the same 
pressure, 10 cm., of the fluid. 


EXPERIMENT IV. 


Pressure of | Length of Free ga of Amt. of fluid Amount Coefficient of 
fluid intestine — tt recovered absorbed absorption 
10 cm. 30 cm. 42°3 c. o. 10:0 c. o. 32˙3 c. o. 107 


As regards the nature of the fluid recovered from the intestine there 
was nothing to suggest any counter secretion. Details of the nature 
of this fluid I shall bring forward later, when speaking of the absorption 
in the upper part of the small intestine. There was practically no 


difference between the recovered fluid in the upper and lower parts. 
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Other experiments on the region of the ileum gave the following 
coefficients. 


Experiment v. = 96. 
VI. = 1°52. 
„ VII. - 170. 


This gave rather a wide margin of difference. An average from the 
whole series of experiments on this part gives a coefficient 131. This 
would approximately represent about 521 C. c. per sq. centimetre of 
surface, not considering the increased surface produced by the projection 
of the villi. I have not been able to estimate the increase of surface 
caused by these with any satisfactory results. 


The Absorption of Water in the Upper Part of the Small Intestine. 


The first portion of the small intestine, i. e. that part in which the 
bile-duct opens, was never experimented on, but varying lengths all 
starting about fifteen centimetres from the pylorus were taken. 


Experment VIII. 


Amount Amount Amount 
ol passed from | recovered absorbed in 
testin burette from intestine; intestine 


10 em. 38 cm. 51 c. c. 22 c. o. 29 c. o. 76 


Here it was necessary to make certain of the nature of the recovered 
fluid. A very slight xanthoproteic reaction was obtained, no reaction 
occurred with Millon's reagent, nor with the biuret test. The fluid had 
no diastatic action, starch remaining unconverted. There was not even 
a faint pink tinge with phenolphthalein after a boiled quantity of the 
recovered fluid was added. Many similar experiments were tried and 
the character of the recovered fluid examined. In no case was it found 
to possess more than the feeblest possible alkalinity, no diastatic or 
proteolytic action was ever manifest, and frequently the xanthoproteic 
reaction was the only significance of any change whatever. Possibly 
the local injury caused by ligatures might be enough to account for the 
very faint reaction given occasionally. The fluid was always filtered 
before being used for examination, and probably suspended mucin was 
removed thereby. In these cases where there was a slight trace of 
alkalinity, a small amount of mucin was probably in solution. I may 
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say that suspended mucin was the rule in these experiments. At no 
time then with the indifferent fluid used, did I obtain any indication of 
a significant amount of intestinal juice being secreted. 

As regards the different results in similar experiments, I may say 
the coefficient was fairly constant in value. In two more experiments 
done under precisely similar circumstances to Experiment VIII., I 
obtained 77 and 652 as coefficients. This gives an average result of 
727. This again would represent 257 c.c. per sq. inch of surface, the 
existence of villi being ignored, though of course tending immensely to 
decrease the value of the index of absorption. 

Thére are a few points worth recording as regards the amount of 
sodium chloride absorbed. I found with the sodium chloride solution 
used (6% ) that the recovered fluid contained a higher percentage of 
sodium chloride than that supplied. In one case (here the normal 
saline solution was rather above ‘6°/,) 10 c. c. of the fluid passed from the 
burette contained 03937 grins. of chloride, 10c.c. of the fluid from the 
intestine contained 0627 grms. Cl. From these differences it struck 
me that 6% was perhaps too high a degree of salinity. By a simple 
mathematical calculation I was able to calculate, from the above figures, 
what a typically normal solution would be, if the intestine rejected any 
sodium chloride above a certain percentage. But on trying an experi- 
ment, using such a fluid which from calculation should be 35%, I found 
that there was still a difference between that in the intestine and that 
in the burette, and I concluded from these experiments that there 
was a slightly more rapid absorption of water than of the salt in the 
water. 


The Absorption of Water in the Stomach. 


The power of the stomach in absorbing indifferent fluid as normal 
saline solution has not, I think, been the subject of any series of 
experiments. But in order to understand the results of solutions of 
different substances, it is well to be acquainted with the behaviour of 
the gastric mucous membrane to a simple inert fluid. 

H. Tappeiner’, as a result of his experiments on cats and dogs, 
came to the conclusion that when substances such as sugar and peptone 
were presented to the gastric mucous membrane in simply a watery 
solution (presumably neutral) the amount absorbed was on the whole 
very small, The effect of strychnia depended upon whether it was on a 
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watery or an alcoholic solution. In the former case it was very slowly 
absorbed, in the latter rapidly. 

Some of Tappeiner’s experiments were performed on the narcotised 
animal with pylorus ligatured and the animal afterwards killed, some 
were done on animals with permanent gastric fistulae. The results 
however agreed in the main. 

V. Anrep’ made his experiments upon dogs with permanent 
gastric fistulae. His results do not agree with Tappeiner’s, for with 
sugar and peptone he finds considerable absorption in the stomach. 

Meade-Smith“ made experiments on the absorbent power of the 
stomach in frogs. He concluded that the amount of sugar absorbed 
varied with the percentage, and that there was an important difference 
between the intestine and the stomach with respect to the power of 
absorbing. 

Segall* experimented with dogs having permanent gastric fistulae, 
and concluded that the amount of sugar solution absorbed varied with 
the percentage presented to the gastric mucous membrane. 

In the present paper, I shall but briefly refer to any results not 
simply connected with the absorption of indifferent fluid. 

I have adopted a similar method in my experiments on the stomach 
to that made use of in the experiment on the intestinal tract. 

The difficulty here is to so adjust the ligatures as not to interfere 
with the vascular arrangements of the stomach. 

I considered there was no occasion to use the double supply from 
the reservoir that was adopted in the experiments on the intestine. I 
therefore simply ligatured tightly the cardiac end of the stomach, and 
tied the cannula from the reservoir by a ligature passing round the 
pylorus. It was necessary to introduce this ligature beneath the serous 
covering, so as not to interfere with the vessels proceeding along the 
curvatures of the stomach from the pyloric end. 

I found it possible to To this, and when the ligature had been drawn 
tight, the vessels of the stomach were found to be pulsating in all cases 
with their accustomed vigour. The cannula was introduced by an 
opening made about a centimetre below the pylorus in the duodenum, and 
such bleeding as occurred from the cutting of the intestine was easily 
arrested. 

The results obtained were, as in the intestine, controlled by a 


Du Bois Reymond’s Archiv, 1881. 
2 Du Bois Reymond s Archiv, 1884. 
3 Maly’s Jahresbericht, 1890. 
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repetition of the experiments, so that the observations recorded are 
probably not exceptional. The nature of the fluid left in the stomach 
after an experiment will, of course, have an important bearing on the 
interpretation of the results. 

In the first experiment I made, which I record for the purpose of 
showing the relation in quantity between the fluid supplied to, and 
that obtained from the stomach, no extended quantitive observations 
were made upon the two fluids. 


Expermment IX. Cat, chloroformed, injected with 25 minims morphia 
and atropine. Pressure of fluid = 10 cm. 

Amount passed from burette = 116-4 cc. 

Amount recovered from stomach = 115-0 c.c. 

Amount absorbed 14. c. 


The time occupied by this experiment was one hour. This result 
led me to the conclusion that either there was a large amount of gastric 
juice secreted to compensate for the quantity absorbed, or else there 
was practically no absorption. That the former supposition could be 
true was negatived by the fact that the reaction of the fluid to neutral 
litmus paper was neutral. The chlorides were not estimated in this 
experiment. 

In order to facilitate, if possible, the rate of absorption, a second 
experiment was made under similar conditions, but the fluid was 
supplied warm. | 


Experiment X. Cat, chloroformed, injected with 25 minims morphia 
and atropine. Pressure of fluid = 10 em., supplied warm. 


Amount passed from burette 184 c. c. 
Amount recovered from stomach = 182 c.c. 
Total amount absorbed = 2c.c. 


Neutral litmus paper only temporarily reddened by the fluid. 
Chlorine in 20 c.c. of fluid from stomach = 072 grins. 
Chlorine in 20 C. c. of original fluid = ‘071 grms. 


This experiment appears to show that the absorption of the fluid in 


the stomach is practically nil. The stomach was removed entire with 


the apparatus at the close of the experiment, after the supply tube had 
been clamped, and the fluid was passed out by removing the india-rubber 
of the supply tube from the cannula inserted through the pylorus. By 
means of a funnel, this was at once collected in a measuring glass. No 
allowance is made for any fluid adhering to the funnel; this was 
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eliminated as far as possible. Any error therefore would be in favour 
of equalising still further the amount supplied and that recovered. 
With respect to the condition of the animal, I may say it had been fed 
the previous afternoon with about 100c.c. of milk, and no contents 
existed in the stomach when exposed, still it was washed out with 
warm normal saline solution in the usual manner. 

In the next experiment I have to record, the animal was taken two 
hours after feeding with about 3 oz. beef-steak. 


Experiment XI. Cat in gastric digestion. Chloroform. Injected with 
25 minims morphia and atropine. Fluid supplied warm. 

Amount passed from burette = 195°3 c.c. 

Amount recovered from stomach = 195 c.c. 

Amount absorbed = ‘3 c.c. 


The fluid gave no permanent reaction to litmus paper. The 
estimation of chlorine gave a slight difference in favour of the recovered 
fluid, but this is almost within the errors of observation, or at any rate 
may be diminished by them. 

20 C. o. of recovered. fluid = 072 grms. chlorine. 
20c.c. of original „ = 070 „ 5 

It is possible that in this case a very small amount of gastric juice 
was secreted, the acidity corresponding to which was hardly enough in 
the presence of the large quantity of fluid to sensibly affect litmus. At 
any rate, the amount would be very nearly insignificant. I then tried 
an experiment using a circulation of fluid through the stomach, instead 
of treating a definite amount, determined by the pressure within the 
stomach. 


Experiment XII. Cat, chloroformed. 25 minims morphia and atropine. 
Ligatured supply tube with difficulty into cardiac end of stomach, and exit 
tube into duodenum just below pylorus, so as to leave pylorus free to act. 
Pressure = 10 cm. 

Amount passed from burette = 453 c.c. 

Amount from outflow tube = 318 c.c. } 452 cc. 

Recovered from stomach = 134 c. c. 


This experiment only lasted for 40’ on account of the supply of 
warm saline solution being exhausted. At the commencement of the 
experiment, the fluid did not run through pylorus freely, but about ten 
minutes after the beginning the fluid came through the outlet tube and 
continued in a fairly constant manner. This would give a rate of 
outflow of about 10c.c. a minute, though of course this rate would be 
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modified by the conditions of resistance in the outflow tube. The 
conclusion from this experiment was that practically no absorption 
occurred in the stomach. 

In the next experiment comparing in details with the previous, 
except that the pressure of the fluid was reduced from 10 to 5cm., a 
difference of 4 c. 0. between the supplied and recovered fluid existed. 
Having regard to these and other similar experiments done at the same 
pressure of 5 or 10cm. of the fluid, there is generally found a very 
slight margin in favour of the recovered fluid containing rather more 
chlorine than the original. In estimating the ash of the two fluids the 
same margin was perceptible. I think this is to be accounted for by a 
certain small amount of mucus appearing in the fluid. The recovered 
fluid had frequently a slight turbidity which was due to the mucus. 

I now record the only experiment in which I had more certain 
evidence of the secretion of gastric juice under the condition in which 
the experiments were conducted. 


Experiment XIII. Cat, rather small, chloroformed, 25 minims morphia 
and atropine. Fed previous afternoon with milk only. Pressure of fluid 
2‘5c.c. A small quantity of curd expressed from stomach before washing. 
Stomach thoroughly washed out with warm normal saline solution. 

Amount of fluid from burette = 29°5 c.c. 

Recovered from stomach = 30°0 cc. 


Here the recovered fluid gave a slight * change to neutral 
litmus, and its reaction with methyl orange also showed a faint amount 
of free mineral acid. 20 Cc. c. of the fluid recovered showed a gain of 
003 grms. of chlorine. 

In this case, one had to deal with an animal whose digestive 
processes were apparently abnormally prolonged. The milk which was 
taken directly it was presented to the animal was not got rid of by the 
stomach by 18 hours after it was swallowed. I adduce this case as 
showing that the drugs under the influence of which the animal was 
narcotised did not prevent gastric juice being secreted, but at the same 
time I am disposed to look upon it as an exceptional occurrence as far 
as the exhibition of secretion to an indifferent fluid was concerned. 
The outcome of these different experiments on the stomach is that 
under different pressures and with fluid which could not be said to have 
any chemically stimulating qualities, no secretion of gastric juice 
occurred and no absorption, or at most but an absolutely insignificant 
amount of fluid took place. 
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I hope soon to be able to record the results I have obtained with 
less inert fluids than normal saline solution in the stomach. 


Summary. 


1. An animal anaesthetised by subcutaneous injection of morphia 
and atropine absorbs inert fluid, such as normal saline solution, at 
different rates in the different parts of the alimentary tract. 


(a) 


(b) 


(c) 


(d) 


When compared with that in other parts of the canal the 
absorption of water in the large intestine is considerable. The 
average result of several experiments conducted at a constant 
optimum pressure gave 2°07 c.c. of normal saline solution as the 
quantity absorbed per centimetre of length per hour. 

In the lower part of the small intestine the results were less 
consistent. The average result of observation in the region of 
the ileum gave 1°31 Cc. of normal saline solution as the amount 
absorbed per centimetre of intestine per hour. 


In the upper part of the small intestine (below the entrance of 
the bile-duct, and mainly in the region of the jejunum) the 
absorption of normal saline solution was 727 c.c. per centimetre 
of length per hour. | 

With regard to the stomach no difference was found whether 
digestion had been going on in the stomach antecedent to the 
observation or not. In both cases the absorption was practically 


nothing. 


2. Upon presenting indifferent fluid such as normal saline solution 
to the mucous membrane, there is no secretion of either gastric or 
intestinal juicé. A small and apparently fairly constant amount of 
mucus is secreted into the cavity in either case. 


[The expenses involved in the foregoing work were defrayed by a grant 
from the British Medical Association.] 
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THE ACTION OF NICOTIN ON THE CILIARY GAN- 
GLION AND ON THE ENDINGS OF THE THIRD 
CRANIAL NERVE. By J. N. LANGLEY, MA. FRS. 
Trinity College, and H. K. ANDERSON, M.A. MB., Caius 


College, Cambridge. 


THE ciliary ganglion in mammals receives nerve-fibres from the 3rd 
nerve, from the 5th nerve, and commonly also from the cervical 
sympathetic’. It has in consequence been considered as a group of 
cells placed, according to the predilection of the particular observer, on 
the course of either the 3rd or on the 5th or on the ciliary branch of 
the cervical sympathetic nerve. 

Since nicotin readily paralyses nerve-cells of the sympathetic type it 
seemed to us worth while to determine its action upon the ciliary 
ganglion. In doing so we have noticed also its effect upon the various 
functions of the 3rd nerve. 

Our experiments have been made chiefly upon rabbits and cats, one 
or two only having been made upon dogs; the animals were in all cases 
under the influence of anesthetics; for rabbits, chloral and the alcohol, 
chloroform, ether mixture were used; for cats, chloroform, the a.c.e. 
mixture and usually morphia ; for dogs, morphia and the a.c.e. mixture. 

Laying bare the 3rd nerve in the skull presents no particular 
difficulty. We removed a variable amount of the anterior part of the 
brain on one or on both sides, and usually tied and cut the 3rd nerve as. 
close to the brain as possible. In the cat, the bleeding, especially from 
the bones of the skull, is much more profuse than in the rabbit. In 
some cases the 3rd nerve rapidly loses its irritability, probably in 
consequence of the great enfeeblement of the circulation of blood in the 
head, which is not infrequently caused by the operation. As the 


1 An excellent account of the anatomical connections of the ciliary ganglion in a con- 
siderable number of animals, has recently been given by Jegorow (Archives Slaves de 
Biologie, T. u. 1886, T. m. 1887). We have dissected the ciliary ganglion in the rabbit, 
cat, and dog and have nothing to add to Jegorow's account. 
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irritability diminishes, one or other of the normal actions of the 3rd 
nerve may disappear before the rest. The piece of nerve between the 
brain and the skull is short, so that there is considerable risk of escape 
of current, unless care be taken; in the rabbit and cat, such an escape 
of current is readily appreciated by the contraction of the masseter 
muscle. 
Stimulation of the 3rd nerve in the skull causes, as is well known, 
the following effects. 
(1) Contraction of the pupil. 
(2) Contraction of the ciliary muscle. 
(3) Contraction of the superior, inferior, internal straight muscles 
of the eye, and of the inferior oblique muscle. 
(4) Contraction of the levator palpebre, and consequent eleva- 
tion of the upper eyelid. 


In some mammals stimulation of the 3rd nerve causes also a protrusion of 
the nictitating membrane, but this protrusion has been taken to be a passive 
one, due to the movement of the eye, for it can be produced, to a certain 
extent at any rate, by pressing on the eye. According to H. Müller the 
protrusion of the nictitating membrane in the dog and goat, is brought about 
by the retractor bulbi muscle, which is supplied by the 6th nerve. He does 
not say how the retractor produces this effect. 

It will be convenient to give at once such points in the behaviour of the 
nictitating membrane as we have noticed. In the rabbit and cat, stimulation 
of the 4th nerve causes no movement of the nictitating membrane. Stimula- 
tion of the 6th nerve causes great protrusion of the membrane, and the 
degree and time of protrusion appear to be to some extent independent of the 
degree and time of retraction of the globe of the eye. In the cat, after 
section of the 3rd nerve in the skull, we have, by sponging the nictitating 
membrane, obtained effects like those produced by stimulating the 6th nerve ; 
these effects were apparently reflex for they ceased on cutting the 6th nerve. 
In the rabbit after a small dose of nicotin has been given, stimulation of the 
3rd nerve will sometimes cause protrusion of the nictitating membrane 
without causing any movement of the eye. It is possible that in these cases 
there was an escape of current to the 6th nerve in the cavernous sinus, but if 
there had been an escape of current to the 6th, we should have expected that 
the 5th nerve also lying alongside it, would have been stimulated, and there 
was no sign of this. In any case, since the eye was not withdrawn in the 
orbit, the experiment shows that the nictitating membrane may be protruded 
independently of a contraction of the retractor bulbi. In our experiments on 


H. Müller. Wirzburger naturw. Zeitschrift, Bd. u. p. 59, 1861. 
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the effect of injecting niootin, the paralysis of the protruding movement of 
the niotitating membrane took place at very nearly the same time as the 
paralysis of the elevating movement of the upper eyelid. Strong stimulation 
of the 3rd nerve causes movement of the nictitating membrane after the 
contents of the eye are removed, but not after the eye itself has been 
removed ; stimulation of the sympathetic readily causes retraction of the 
nictitating membrane even after the removal of the eye. 


If, after observing the effects of stimulating the 3rd nerve, about 
10 milligrams of nicotin are injected into a vein of a rabbit or cat, and 
the 3rd nerve is stimulated, no effect of any kind follows. All the 
functions of the nerve are for a time annulled. Similarly, stimulation of 
the 4th and 6th nerves causes no movement of the eye. 

Since no nerve-cells lie in the course of the nerve-fibres running to 
the external muscles of the eye, or to the elevator of the eyelid, it is 
obvious from what we know of the action of nicotin, that the absence of 
contraction in those muscles when their nerves are stimulated in the 
skull, can only be due to a paralysis of the nerve-endings in the muscle. 
We have taken the inferior rectus as the type of all of these muscles ; 
after injection of nicotin, stimulation of the branch of the 3rd nerve, 
which supplies the inferior rectus, close to its point of entrance into the 
muscle is without effect; stimulation of the muscle direct causes 


contraction at once. 


A dose, then, of about ten milligrams of nicotin, is sufficient to 
paralyse the nerve-endings of the extrinsic muscles of the eye. But this 
amount of nicotin is not sufficient in the rabbit and rarely in the cat to 
paralyse the nerve-endings of the other muscles of the body; muscular 
contraction can still be produced by stimulating the 5th, the 7th or any 


spinal nerve. 


The most convenient way of stimulating the 5th nerve is by placing the 
electrodes just medially of the cavernous sinus, a little to one side and in 
frent of the exit of the 3rd nerve, the contraction of the masseter can easily 
be felt. 

We find that the nerve-endings in the striated orbital muscles are also 
paralysed by curari more readily than the nerve-endings in the other skeletal 
striated muscles of the body. After 0-5 C. c. of a 1 p.c. solution of curari has 


been injected into a vein of a cat, stimulation of the 3rd nerve no longer 


causes movement of the eye, or of the upper eyelid, or of the nictitating mem- 
brane, though stimulation of 5th nerve still causes contraction of the masseter 
muscle. In order to produce a temporary paralysis of the nerve-endings in 
the masseter, about I c.. of the curari solution is required. The minimal 


\ 


* 
7 
d fe 
* 
7 
Z 
2 0 
id 


CILIARY GANGLION AND THIRD NERVE. 463 


amount will of course vary, according to the preparation of curari used. 
Curari in large amount paralyses the cells of the ciliary ganglion. 

The other effects of the 3rd nerve cease, not because of a paralysis 
of motor nerve-endings, but because of the paralysing action of nicotin 
upon the nerve-cells of the ciliary ganglion. For stimulation of the 
short ciliary nerves still causes contraction of the sphincter iridis and of 
the ciliary muscle even after 100 mgrs. of nicotin have been injected 
(cp. Exp. I). The short ciliaries lie on the optic nerve at its entrance 
into the eye, and we have usually stimulated them at this spot without 
separating them from the optic. After section of the cervical sympa- 
thetic or after extirpation of the eye, stimulation of the optic nerve 
with the short ciliaries still causes a ready contraction of the pupil. 
We have in one or two cases in the cat isolated the short ciliaries and 
stimulated them separately as in the following experiment :— 


Experiment I. 


Cat. Chloroform. Trachea connected with a bottle of a c. e. mixture. 
The ciliary ganglion was exposed by the method given by Jegorow', the 3rd 
nerve and the short ciliaries isolated for a short distance on either side of the 
ganglion. Stimulation of the 3rd nerve caused prompt constriction of the 
pupil. 

1.20. 5 cc. of a lp.c. solution of nicotin (= 50 mgrs.) injected into the 
jugular vein. 
1.28. Stimulate 3rd nerve centrally of ganglion—no effect. 

Stimulate ciliary ganglion—constriction of pupil, but less than before 
injection. 

Stimulate short ciliaries—prompt constriction of pupil. 

1.34. Repeat stimulation—same result. 
1.37. 5 c. c. of a I p.c. solution of nicotin injected into the jugular. 
1.39. Repeat stimulations—same result. 

Cut off the cornea, and cut through the iris; there was profuse 
bleeding, showing that the circulation had not been interrupted by 
the operation. 

Dissect out 3rd nerve, ganglion and short ciliaries on the opposite side. 

Pass a needle through the edge of the cornea so that its point rests 
on the anterior surface of the lens. 

Stimulate 3rd nerve centrally of ganglion—no effect. 

Stimulate short ciliaries—movement of needle showing protrusion of 
lens and contraction of the ciliary muscle. 

4 Jegorow. Arch. f. Anat. u. Physiol. (Physiol. Abth.) p. 149, 1886. 

2 The diminished effect of stimulating the ciliary ganglion was probably due to the 
presence of small accessory ganglia on the short ciliaries. 
PH. XIII. 30 
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In the cat we have made one experiment in a modified form, 


applying nicotin locally to the nerve-cells. The ciliary ganglion was 
exposed, a portion of the 3rd nerve running to the ganglion and of 
each of the main short ciliary nerves passing from it were isolated 
and stimulated. Warm 1 p.c. nicotin was then brushed over the 
ganglion and the nerves in connection with it so far as they were 
visible. The result of this application of nicotin was to completely 
abolish the action on the pupil of the part of the 3rd nerve lying 
centrally of the ganglion. The nerve-fibres had not been injured 
by the nicotin, for the short ciliary nerves—to which nicotin had 
been also applied—produced on stimulation a prompt contraction 
of the pupil. Furthermore some of the short ciliaries and the 3rd 
nerve itself just centrally of the ciliary ganglion gave rise on stimu- 
lation to a reflex twitch of the muscles of the face, that is the afferent 
5th fibres coursing with the third nerve were uninjured. 

We regard it then as proved that the fibres of the 3rd nerve 
which run to the sphincter muscle of the iris and those which 
run to the ciliary muscle are connected with nerve-cells in the ciliary 
ganglion. 

It has been shown by Langley and Dickinson’ that the cervical 
sympathetic is not connected with nerve-cellg (of the sympathetic type) 
peripherally of the superior cervical ganglioW; and consequently that 
the nerve- cells of the ciliary ganglion are not on the course of sympa- 
thetic nerve- fibres. 

There remain the fibres of the öth nerve which run to ves ciliary 
ganglion. Some of these are certainly afferent, some, it is possible, may 
be afferent visceral fibres. Either kind might conceivably be connected 
with nerve-cells in the ciliary ganglion. There is no entirely satisfactory 
evidence whether they are or are not so connected. We have already 
mentioned that local application of nicotin in moderate amount to the 
ciliary ganglion does not prevent the short ciliary nerves from causing 
a reflex movement. This fact might be taken as showing that the 

1 Proc. Roy. Soc. Vol. XLVI. p. 428, 1889, and this Journal, Vol. XI. p. 265, 1890. 

The superior cervical ganglion in the rabbit is sometimes much elongated and has an 
upper and a lower swelling, from the upper swelling fibres proceed to the internal carotid, 
from the lower swelling fibres proceed to the external carotid. In one case in which this 
separation of the ganglion into two parts was very marked, we found, after injection of 
nicotin, that stimulation of the lower ganglionic swelling had no distinct effect on the pupil, 
whilst dilation of the pupil was readily obtained by stimulating the upper swelling. And it 
appears not unlikely that in the ordinary single ganglion there may be a considerable 
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afferent fibres concerned are not connected with nerve-cells in the 
ciliary ganglion, (for if they were, the cells should be paralysed by the 
nicotin and the centripetal impulses blocked,) and hence that very 
probably no afferent fibres of the 5th are connected with nerve-cells in 
the ciliary ganglion. But this conclusion is at present not justified, for 
it is doubtful whether nicotin does stop the passage of afferent impulses 
through a spinal ganglion; certain it is, that a dose of nicotin con- 
siderably greater than sufficient to stop the passage of efferent nervous 
impulses through sympathetic nerve-cells still leaves a free way through 
the spinal ganglia to afferent nervous impulses’. As regards the 
possibly existing efferent visceral fibres of the 5th nerve, we have 
made no experiments. 

The question of the connection of the ciliary ganglion with the 5th 
nerve is, then, only touched by our observations in so far as we have 
shown that the great majority of the nerve-cells must be connected 
with fibres of the 3rd nerve. 

Many observers consider the ciliary ganglion to be homologous with 
a spinal ganglion, and this view is held even by some of those who take 
it as belonging to the 3rd nerve. From a physiological stand-point a 
spinal ganglion is a ganglion connected with afferent fibres, and a 
sympathetic ganglion is one connected with efferent fibres. Each may 
perhaps contain a few elements characteristic of the other, but this has 
not been proved. From this stand-point and limiting attention to 
what is actually proved about the ciliary ganglion, there can be no 
hesitation in considering it as homologous with a sympathetic ganglion, 
although its nerve-cells have no connection with the cervical sympa- 
thetic. 


Order of paralysis by nicotin of the different functions of the 
third nerve. 


We have said above that it takes about 10 milligrams of nicotin to 
paralyse all the functions of the 3rd nerve; the exact amount required 
depends in part of course upon the weight of the animal, but indepen- 
dently of this the minimal amount appears to be sometimes a little less 
and sometimes a little more than 10 milligrams. 

The various functions are not paralysed with equal ease; differences 
are brought out either by noting the minimal amount of nicotin 


1 It is conceivable that nicotin paralyses the nerve-cells of a spinal ganglion, but that 
in consequence of the mode of connection of the cells with the nerve-fibres, impulses can 
still travel from the periphery to the central nervous system. 
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required to paralyse each function, or by paralysing all and noting 
the time taken for each function to recover. 

In the rabbit we find the order of ease of paralysis is :— 

1. Sphincter of iris. 

2. Extrinsic muscles of the eye. 

3. Elevator of the eyelid’. 

The action of the 8rd nerve (centrally of the ciliary ganglion) on the 
pupil is much more easily paralysed than its action on the extrinsic 
muscles of the eye. The minimal dose of nicotin is 5} to 6 milligrams. 
The paralysis in this case is, however, but brief, it passes off in about a 
quarter of an hour. The nerve-cells of the fibres to the ciliary muscle 
are apparently paralysed at the same time as those of nerve-fibres to 
the sphincter iridis, but we have not made accurate observations with 
regard to this. 

The other actions of the 3rd nerve require very nearly the same 
amount of nicotin to annul them, viz. about 10 milligrams, but we 
have found the raising of the eyelid“ to return a little earlier than the 
movements of the eye; sometimes also after a dose of 9 or 10 milligrams 
stimulation of the 3rd nerve will still cause elevation of the eye’, 
but will not cause contraction of the extrinsic muscles of the eye. As 
we have said, these actions cease in consequence of a paralysis of motor 
nerve-endings. 

When 10 milligrams of nicotin have been given, the normal effect 
on the iris of stimulating the 3rd nerve in the skull does not return for 
three-quarters of an hour to an hour, but a trifling effect may be visible 
much earlier ; it is difficult to determine exactly when the 3rd nerve is 
beginning to recover its function, for there appears to be a first stage of 
recovery in which the contraction of the pupil on stimulating the 3rd 
nerve is so slow as to escape observation, and to be marked only by the 
somewhat smaller size of the pupil at the end of the stimulation. 

The pupillo-dilator nerve-cells of the superior cervical ganglion are 
paralysed less readily by nicotin than the pupillo-constrictor nerve- 
cells of the ciliary ganglion, but they are paralysed a trifle more readily 
than the motor nerve-endings in the 3rd nerve in the extrinsic muscles 
of the eye. The following experiment will serve to show some of these 
points :— 


1 When the third nerve is stimulated with increasing strength of currents, starting with 
minimal, the elevation of the eyelid is first obtained, then the contraction of the extrinsic 
muscles of the eye, and lastly the contraction of the sphincter iridis. We have tried this 
on the dog only. 

2 And protrusion of the nictitating membrane, cf. above p. 461. 
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Experiment II. 


Rabbit. Sept. 30, 1891. Chloral injected per rectum. Tracheotomy, 
tube connected with a bottle of a. c. e. mixture. Cervical sympathetic 
tied and cut. Third nerve in skull tied and cut, the anterior part of the 
brain being removed. A weak interrupted current was used — for 
the nerve stimulation. 

Stimulate sympathetic - pupil readily dilates. 

Stimulate in nerve —pupil readily contracts; there is also elevation of 

the upper eyelid, protrusion of the nictitating 
membrane, turning of the eyeball inwards with a 
rotatory movement. 

4.0. Inject into a vein 5 mgrs, of nicotin, in a 1 p.c. solution. 

Stimulation of the cervical sympathetic and of the 3rd nerve still has 
the normal effects, but less readily. 

4.10. Inject into a vein 5 mgrs. of nicotin. 

4.15. Stimulate 1 nerve — elevation of upper eyelid, protrusion of nicti- 
tating membrane, both less than normal ; 
these effects were also produced by subsequent 
stimulations and need not be mentioned 


again. 
- slight movement of eyeball. 
no effect on pupil. 
Stimulate sympathetic — no effect on pupil. 
Stimulate v nerve - prompt contraction of masseter muscle. 


4.26. Stimulate sympathetic - pupil dilates; this was caused also by subse- 
quent stimulations and need not be mentioned 
again. 

4.33, Stimulate u1 nerve — movement and rotation of eyeball. 

— no effect on pupil. 
4.38. Stimulate 11 nerve —movements of eyeball prompter and freer. 
—no certain effect on pupil. 

4.43, Stimulate 11 nerve — pupil is a trifle smaller at the end of the 
period of stimulation, but no movement 
actually observed. 

4.53. Stimulate 1 nerve — slight contraction of pupil during stimulation. 

5.3. Stimulate m1 nerve - good contraction of pupil. 


Summary. 


The fibres of the 3rd nerve which run to the iris and to the ciliary 
muscle are connected with nerve-cells in the ciliary ganglion. 
A small dose of nicotin (about 6 mgrs.) paralyses for a time the 
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nerve-cells of the ciliary ganglia, so that impulses passing to them down 
the 3rd nerve are blocked. 

A large dose of nicotin (100 mgrs.) does not paralyse the endings of 
the short ciliary nerves in the iris and the ciliary muscle. 

In the rabbit, the order of ease of paralysis with nicotin of the nerve- 
cells and nerve-endings which we have investigated is: 


1. 


2. 


3. 


Nerve-cells of the ciliary ganglion on the course of the nerve- 
fibres to the sphincter iridis and (probably) ciliary muscle. 
Nerve-cells of the superior cervical ganglion on the course of the 
nerve-fibres which cause dilation of the pupil. 

Nerve-endings of the 3rd, 4th and 6th nerves in the extrinsic 
muscles of the eye. The nerve-endings of the 3rd nerve in the 
elevator of the eyelid and the nerve-endings in the muscle 
causing protrusion of the nictitating membrane are paralysed a 
little less readily than those in the extrinsic muscles of the eye. 
Nerve-endings in muscles supplied by the 5th and 7th nerves. 
About the same time as these, all the nerve-endings in the 
skeletal muscles of the body are paralysed. 
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FERMENT ACTIONS OF THE PANCREAS IN DIF- 
FERENT ANIMALS. By VINCENT D. HARRIS, M. D., 
F. R. C. P., anD WILLIAM J. GOW, MD., M. R. C. P. 


(From the Laboratories of the Royal Colleges of Physicians and 
Surgeons.) 


In the research of which the present paper is a report, the authors 
desired to obtain information upon the following points, viz. :— 

(1) Whether the ferments with the possession of which the pancreas 
is usually credited are present in the pancreases of animals of different 
classes, and if so whether there is any marked difference to be discovered 
in the activity (or amount) of each ferment in each class; 

_ (2) Whether the activity or amount of the ferments bears any 
constant relation to the food of the animal ; 

(3) Whether the ferments of the human pancreas are markedly 
affected in activity or amount in morbid conditions of the body; and 

(4) Whether in addition to the generally accepted pancreatic 
ferments the gland possesses any additional ferment action (a) in 
inverting cane sugar, or (b) in producing any chemical action upon dry 
or unboiled starch. 

In carrying out the experiments connected with these problems we 
have employed material obtained from the ordinary laboratory animals, 
e. g. cats, dogs and the like; human pancreases obtained from the post- 
mortem room, and also, by the kindness of Mr Frank Beddard, F. R. S., 
the pancreases of many different animals dying in the Zoological Society's 
Gardens, Regent's Park. We would take the present opportunity of 
offering our cordial thanks to Mr Beddard for his courtesy in the 
matter. 

Our knowledge of the functions of the pancreas dates from the 
investigations of Claude Bernard, which were carried out from the 
year 1846 to 1855. Up to this time the pancreas had always been 
considered to be identical in structure and function with the salivary 
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glands. It was in May, 1855, that Bernard delivered a series of 
lectures which embodied the results of his very important work. In 
these lectures he traced in detail the history of our knowledge of the 
anatomy and physiology of the gland up to the commencement of his 
research. He shewed that Wirsung in 1642 discovered the main 
duct of the pancreas in man, and Hoffman a few months previously 
had demonstrated the same in the turkey. From experiments made in 
the 17th and 18th centuries it was concluded either that the gland had no 
important function whatever, or that its function was identical with 
that of the salivary glands. In this century Majendie was one of the 
first to obtain a specimen of pure pancreatic secretion, and this he did 
by laying, open the duodenum and collecting a small quantity as it 
oozed out of the orifice of the duct. He shewed that it was alkaline in 
reaction and coagulated on heating. Leuret and Lassaigne collected 
a considerable quantity of the secretion by introducing a cannula into 
the pancreatic duct of a horse, but their experiments with the fluid 
so collected led them to believe that its function was identical with that 
of saliva, and this idea was confirmed by the experiments of Tiede- 
mann and Gmelin. 

In 1846, Bernard, whilst investigating the phenomena of the 
digestion of fat in herbivorous and carnivorous animals, was struck by 
the fact that in rabbits no alteration in the fatty food took place until 
it had passed some distance from the pylorus, whilst in dogs it began to 
be altered much nearer the pylorus. The absorption of fat by the 
lacteals shewed the same difference, and he found that this difference 
coincided with a difference in the point of entry of the pancreatic duct 
into the duodenum. In dogs it enters very near the pylorus, whilst in 
rabbits it enters at a point about fourteen inches from the pylorus, and 
it was not until the fatty matters had passed this point that they began 
to be altered and absorbed. Bernard examined the pancreatic secre- 
tions of many animals and came to the conclusion that it was almost 
identical in all of them. He shewed too that the pancreatic juice 
shaken up with oil leads to the formation of an emulsion, and also that 
chemical changes ensued from the splitting up of the oil into glycerin 
and fatty acids, this latter power being only possessed by the juice 
itself or by fresh pancreases pounded up in a mortar. 

It is very clearly seen from the above short epitome that Bernard’s 
researches were highly comprehensive and at once placed the physiology 
of the gland upon a sure foundation. Since his day several important 
additions have been made to our knowledge of the subject, but they 
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have been after all more with regard to details. Of these it is un- 
necessary to do more than mention the most important, viz. those of 
Heidenhain“, Kühne“, Langley“, Lea‘, Bernstein“ and Roberts“, 
as they have been for the most part introduced into the ordinary 
text-books of physiology. 

From these observations, however, it has been clearly established 
firstly, that very definite ferments exist in pancreatic juice, and may be 
extracted from the gland by means of glycerin and other vehicles; 
secondly, that these ferments have special relations to the different 
classes of food stuffs; and thirdly, that during secretion the ferments 
which had been previously deposited within the pancreatic cells in 
granular and undeveloped form are discharged into the lumen of the 
tubes. Although many different animals appear from incidental mention 
to have been used for the purposes of experiment by different workers, 
yet we are unaware of any systematic endeavour to investigate the 
question whether the ferments, four in number, which the pancreas is 
said to possess, appear in the gland in all animals, and it was with the 
idea of testing this question in a number of different kinds that this 
research was done. 


Section I. 


The experiments under the first head, viz.: to ascertain whether the 
usual ferments are present in the pancreases of such mammals as we 
were able to obtain, may be treated of in two divisions, (a) qualitative 
experiments and (b) quantitative experiments, the former having to do 
with four different ferment actions and the second with two only. 


(a) Qualitative Experiments. 

Experiments more or less complete have been made with the 
pancreases of the following animals to discover whether they contain 
ferments, (i) converting starch into sugar, de. diastasic or amylolytic ; 
(ii) converting proteids into peptones, i. e. proteolytic; (iii) splitting 
fats into their fatty acids and glycerin, «.e. lipolytic, and (iv) curdling 
milk, i.e. rennettic. 


1 Pfliiger’s Archiv, x. 557, and xtv. 437 et seq. 

2 Arch, f. Path. Anat. xxxtx. 130, and elsewhere. 

This Journal, mi. 

4 Verhand, d. Heidelberg natur hist. med. Vereins V. e. 1 Heft. v. 
5 Sitzimge b. d. Akad, d. Wiss. 36. 

6 Digestion and Diet. 
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English Name. Scientific Name. Class. Food. Cause of Death. 

1. Lion Felis leo Carnivora felid Meat 2 de- 
2. Serval Felis serval Carnivora felide Meat ? 

8. Brown Bear Ursus arctos Carnivora ursidæ Pneumonia 
4. Otter Lutra vulgaris Carnivora muste- | Fish ? 

5. Seal Phoca vitulina Carnivora ? 

6. Wallaby Halmaturus bennetti Cabbage, | ? 

corn bread 

7. Axis deer Cervus axis Ruminant Hay, corn | Died — 
8. Canis di Carnivora canidæ Meat Destroyed 

9. — typus viver- | Meat ? 
10. Armadillo Tatusia peba Edentata 8 ? 
11. Felis uncia Carnivora felide | Meat ? 
12. Glutton Gulo luscus Soe muste- | Meat ee of 

ungs 

13. Ocelot Felis pardalis Carnivora felide | Meat 

14. Moufflon Ovis musimon uminant Hay, corn 9 — ob- 

stru 
15. Drill Baboon oo leuco- | Quadrumana 15 Bronchitis 
WUs ’ 

16. Horse Equus Caballus Pachyderm Hay, corn | Killed 


In addition to the Pig, Cat, Dog, etc. and several birds, ¢.g. Bonelli’s Eagle, 
Sea Eagle, Rhea Americana, as well as one or two Snakes. 

Extracts of the glands made with the following different vehicles 
have been employed : 

(a) Distilled water. 

(6) Glycerin. 

(c) Chloroform water. 

(d) Saline solutions of different strengths. 

(e) Dilute and slightly acidulated spirit, 
and experiments have been also made with the pounded gland itself, 
without any admixture of fluid. The extracts have invariably been made 
after the following method: The pancreas either fresh, or after twenty- 
four hours’ exposure to the air, or after immersion for a variable time in 
methylated spirit, has been carefully freed from extraneous tissues and 
has then been either passed several times through a sausage-making 
machine until quite pulpy or pounded up in a mortar until in that 
condition; the pulp has then been weighed and the vehicle to be 
used for the purpose of dissolving the ferments has been added in the 
amount to make a solution of a definite and known strength: as an 
example of the method the following instance may be given: 
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Sept. 1890. Human pancreas deprived of fat and connective tissue as far 
as possible by careful dissection, then placed in methylated spirit, and after- 
wards dried under an air-pump over sulphuric acid, weighed 51 grms. : then 
passed several times through sausage-making machine and any connective tissue 
picked out and the pulp again weighed,=46 grms. The pulp used to make 
three 20°/, extracts—(1) with diluted methylated spirit (1 in 10) rendered 
slightly acid with acetic acid (1 in 50), (2) with 10°/, solution of ammonium 
chloride, and (3) with brine solution, made by saturating distilled water with | 
common salt. 


The comparison of the activity of the pancreatic ferments in 
different animals, weight for weight of the gland, we may say at once 
would be quite misleading, as the differences in the amount of the 
connective tissue present in different pancreases is most marked. For 


example in the above instance of the human pancreas about 4 of the 


weight consisted of obvious masses of connective tissue, in other animals 
e.g. in that of the dingo dog, the proportion was even greater, whilst in 
others, e.g. the fox, there was hardly any loss of weight by connective 
tissue, and in the pancreases of some birds and snakes (experiments 
with which are not for the most part included in this report) the whole 
gland was capable of being powdered up almost like dried liver. 
Again, without committing ourselves to a more definite statement, 
comparison of different parts of the same pancreas, weight for weight, 
would in many instances be quite unreliable, since the amount of 
connective tissue obviously varies in different parts of the same gland. 

The use of chloroform water as a solvent for digestive ferments is 
open to objection in cases where the amount of amylolytic ferment 
present in the pancreas is small, because of the property possessed by 
chloroform of reducing Fehling’s solution. Watery solutions of 
chloroform, half the strength of the Aqua Chloroformi of the British 
Pharmacopeia, readily reduce Fehling’s solution, so that for qualitative 
testing in the case of pancreases possessing only feeble amylolytic power 
or none at all, brine or spirit solutions are better. 

The brine extracts were found on the whole to be the most 
satisfactory. They were made by poundiag up the pancreatic tissue 
freed from connective tissue, in a mortar with salt. The presence of 
the salt made it possible to reduce the pancreatic tissue to a powdery 
consistence and this powder, consisting of salt and gland tissue, was then 
mixed with a known quantity of distilled water. 

We made experiments also with slightly acidulated spirit extracts 
as recommended by Sir W. Roberts, but found that in some cases after 
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filtering the solution became quite inactive, both with starch and 
proteids. : 

Extracts made with 10% solution of ammonium chloride did not 
appear to possess any advantages over the brine (sodium chloride) 
extracts. 

The qualitative experiments were very numerous, with varying 
amounts of the extracts, and were done in flasks in the cases of the 
amylolytic, tryptic and rennet fermenis. 


(a) Amylolytic Experiments. 
In these experiments we directed our attention to: 

(i) The amount of standard solution of the pancreas required 
to produce any change in the starch. 

(ii) The length of time required to produce any change; as 
well as the length of time at which all ferment action 
appeared to cease. 

(iii) The resulting product or products. 

(iv) The influence of temperature. 


Example I. Of negative action. Lion’s pancreas—15°/, extract of the 
lion’s pancreas made with saturated salt solution. The solution was not 
coagulated or rendered opalescent on boiling, but gave two of the proteid 
reactions fuirly, viz. the xanthoproteic and the biuret reactions, but only a 
white precipitate not rendered pink on boiling with Millon’s reagent. 


Sept. 30, 1890. Fresh starch mucilage solution (about 3% U with 1% 


sodii bicarbonate. 100 c.c. of the solution were placed in 3 flasks: A, with 
1 c. e. of above-mentioned brine extract, B with 2 c. c. of the same extract, and 
C with 4 c.c. of the same extract. 

Exposed at the temperature of the room about 20° C. for 24 hours. 

Oct. 1. No change whatever in the starch solution. 

Flasks 4, B and C put in incubator at 40° C. 

And an additional flask D, containing 50c.c. of 1% solution of starch 
mucilage and sodii bicarb. to the extent of 1% and 2˙5 C. c. of the above 
described brine extract. 

In incubator for 22} hours. 

No substance in solution in any of the flasks was capable of reducing 
copper sulphate solution on boiling. 

Numerous subsequent experiments confirmed the deduction that the 
pancreas of the lion, extracted by brine or by dilute acid spirit or by water, 


contained no diastasic ferment. The same extract dissolved fibrin with 
great readiness. 


| 
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Example IT, Of complete action. Pig’s pancreas. 

The pig’s pancreas is so active that 1 or 2 c. c. of any extract is able to 
convert a certain amount of starch into sugar in 2 or 3 minutes. The 
following experiment shews what appears to be a complete action :— 

Oct. 9. Two flasks—A and B. 

A contained 50c.c. of a 1°/, solution of starch mucilage=0°5 grms. of 
dry starch, sodii bicarb. to extent of 1% and 5 c.c. of a brine extract of pig’s 
pancreas. 

B with similar contents but with perchloride of mercury to the extent of 
1 in 1000, i.e. % grm. placed in the incubator at 40°C. 

Oct. 10. In flask A there was no reaction with iodine but a good 
reaction of reducing sugar, probably maltose. 

The amount of sugar estimated by Pavy’s method gave 0°416°/, of sugar, 
or, in other words, 0°28 grms. of sugar were obtained from 0°5 grms. of dry 
starch. 

Flask B gave the same amount of sugar in the solution. 

This was the largest amount of sugar we were able to obtain in any case 
from the same amount of starch. 

In a similar experiment with 4 c. c. of a brine solution of a human 
pancreas we obtained our nearest approach to this, viz. O1 grms. of sugar 
from 0°5 grms. of starch. 

Both the amounts appear to be somewhat small. 


Example III, Of delayed action. Dingo Dog. The pancreas was 
noted as being long and broad but very loose, with a great amount of 
connective tissue and large lobules—a 10°/, brine extract was used. 

April 2, 1891. The flask contained 40 C. c. of a 1% starch solution and 
5 C. o. of the extract. Hardly any effect upon the starch was observed during 
the first 24 hours. 

On April 4, a slight amount of sugar was present, both erythrodextrin 
and starch being also present in the solution. 

The solution remained in the incubator at 40°C. for several more days 
but there was never complete conversion of the starch into sugar; dextrin 
was always present. 

The three examples will explain the terms active, inactive, and slight 
or delayed, to be used in the following table : 


The observations made of flask digestion of starch appeared to 
suggest: I. That a certain definite amount of ferment must be present 
before any change occurs, as below a certain minimum no diastasic 
action could be demonstrated ; this fact we noticed and tested over and 
over again. | 

II. That a certain definite amount of the pancreatic extract could 
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TABLE I. 
Diastasic action on Starch Mucilage at a temperature of 40°O. 


A. Active. B. Slight or delayed'. C. Inactive“. 
Pig. Far the most powerful | Ocelot (almost nil) Lion“ 
action of any animal Otter (much delayed, | Rhea 
(1 grm. of starch entire- 70 hours) Leopard 
ly converted, leaving no | Serval (slight, after 24 
starchy or erythrodex- hours) 


trin residue by 5c.c. of | Wallaby (70 hours) 
extract in between 5 Horse (slight & delayed) 


and 10 mins.) Dingo dog (slight and 
Glutton delayed) 
Ox Puma (very incomplete) 
Brown Bear Moufflon (incomplete) 
Seal 
8 
Fox 
Sea Eagle 


do a definite amount of work and no more. The amount of ferment 


work done in different cases varied as shewn in the above table, in 
some cases being small and in other cases large. The action of the 
ferment then is obviously limited and the removal of the product of the 
action, ie. the dextrin and sugar formed, is not enough to prolong the 
change indefinitely. This confirms the observation of Sir William 
Roberts“: “The notion that the energy of diastase is not consumed 
in action seems, on d priori ground, to be quite untenable—such a 
notion contravenes a general principle in physics that energy in 
performing work is expended and finally exhausted.” 

III. That the power of conversion of starch into dextrin may be 
very active whilst the further power of changing dextrin into sugar 
may be only feebly present, this will be again referred to in a future 
section. 

IV. That a moderately high temperature, viz. 40°C. (to 45°C.) 
appeared to be the optimum for the diastasic action. 


1 Larger amounts of extracts used than in A. 
Larger amounts of extracts used than in B. 

3 The pancreases of two lions gave same result. 
* Digestion and Diet, p. 31. 
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(b) Proteolytic or Tryptic Experiments. 

These were also flask experiments. The method of experiment was 
as follows : 

Fibrin obtained from ox’s blood was thoroughly washed free of 
colouring matter, was torn into small shreds, and used unboiled for 
the tryptic experiments. The solution used was sodii bicarb. (1°/,) and 
the extracts of the glands were as in the amylolytic experiments. The 
flasks were plugged with cotton-wool and placed in the incubator at 
40°C, 


Example of method. Brine solution of lion’s pancreas, Three flasks 
used, A, B and C. 


In A Flask—Fibrin 2 grms., 50c.c. 1% solution of sodii bicarb. and 
2 c.c. of pancreatic extract. 
B Flask Fibrin 2 grms., 50 c.c. 1% solution of sodii bicarb., but with 
3c.c. of extract. 
C Flask Fibrin 2 grms., 50 c. c. 1% solution of sodii bicarb., but with 
5 o. o. of extract, put in the incubator at 12 noon on Oct. 2, 1890. 


TABLE II. 
Tryptic action of the Pancreatic Extracts on Fibrin. 


Active. Slightly Active. Inactive. 
Human, very active Gazelle None 
Lion Leopard? 
Pig . Badger 
Glutton Serval 


Ocelot, less than Glutton Wallaby 


Sea Eagle, very active 
Rhea 


| ;;xv 
| 
| Otter, very active 
Puma | 
Dog 
Cat ” 
Fox 
Dingo Dog „ 
4 Seal 4 
Axis Deer 
Ox 
Brown Bear 
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On Oct. 3, at 11 a.m. 
Fibrin in A Flask about half digested. 
do. B do. three-quarters digested. 
do. C Flask practically wholly dissolved. 

The undigested solids from A flask separated and dried—weighed 1 grm 
The solid material &. weighed being yellow and jelly-like, and not easily 
soluble in dilute hydrochloric acid, was probably swollen fibrin. 

Oct. 3. In a fourth flask D, was placed 2grms. fibrin, 50 c. 0. 1 °/, 
solution of sodii bicarb., 2¢.c. of the brine extract of lion’s pancreas, and 
carbolic acid added in the proportion of 1 in 100. | 

Oct. 4. The fibrin was partially dissolved and the undigested residue was 
dried and weighed less than 1 grm. So that in each case with 2 c. c. of the 
extract, nearly the same amount of fibrin had gone into solution and the 
presence of carbolic acid in flask D had not the effect of diminishing the 
tryptic action of the ferment. 


(e) Fat-splitting or Lipolytic Action. 


In no single case tried were we able to demonstrate the presence of 
any fat-splitting ferment in extracts of pancreases which had been kept 
in spirit. In some instances, however, we have had satisfactory evidence 
of the presence of a ferment in fresh pancreases, acting upon fats. 
This attion was far the most pronounced in the case of the dog's 
pancreas, less so in that of the pig, practically absent from the human 
pancreas and from the cat’s pancreas. 


Effect of Pancreatic Extract on Oil. 


The fresh pancreas of a dog was pounded up in a mortar with a 
little distilled water, the reaction being very faintly alkaline. 

Neutral Lucca Oil was used. 5 c.c. of Lucca oil and 5 c.c. of aqueous 
solution of pounded pancreas unfiltered were placed in a test-tube and 
thoroughly shaken up and then placed in water at 32°C. In ten 
minutes the reaction was distinctly acid, and at the end of half-an-hour 
this acid reaction was very marked. The fluid shewed only a very 
slight tendency to separate into two layers. 

Experiments were then made with a view to determining whether 
the development of the acid reaction was prevented or interfered with 
by the presence of carbolic acid, and whether emulsification was 


dependent either on the action of a ferment or on the presence of the 
acid. 
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Example I. Four test-tubes were taken. 


Number 1. 
2 0. c. of Lucca Oil. 
2 c.c, of freshly pounded pancreas. 
4 0.0. of Solution of Carbolic Acid (1—20). 


Carbolic acid was therefore present in the mixture in the proportion of 1 
in 40. The mixture was neutralized. 


Number 2. 
2 e. c. of Lucca Oil. 
2 c.c. of freshly pounded pancreas. 
4 c. c. of water. 


Number 3. 
2 cc. of Lucca Oil. 
2 c.c. of freshly pounded pancreas (boiled). 
4 c. c. of water. 
Number 4. 
2 c. c. of Lucca Oil. 
4 0. c. of water. 


The contents of all the test-tubes were thoroughly shaken up and the 


tubes were then placed in a beaker of warm water at a temperature of 32°C. 


At the end of 10 minutes they were all examined. In Number 4, there was 
almost complete separation into two layers. The fluid below the oil was 
slightly milky. The three other tubes all shew some degree of separation 
into two layers and all to about an equal extent. The lower layer of fluid in 
these cases is buff-coloured. The contents of tubes 1 and 2 have a distinctly 
acid reaction. Tubes 3 and 4 still remain neutral. The presence of carbolic 
acid in the proportion of 1 in 40 does not interfere with the development of 
this acid reaction. This would suggest that the formation of the acid is not 
due to organized ferments, It will be observed that the power of producing 
the fatty acid is destroyed by boiling. 

The tubes were examined again at the “end of twenty-four hours. In- 
creased separation into two layers was noticed in tubes 1, 2 and 3, but in all 
of them the degree of separation was as nearly as possible equal. Emulsifica- 
tion does not therefore seem to depend on the presence of any ferment, nor 
does it seem to be increased by the presence of an acid, as in tube 3 the 
pancreas had been boiled before it was mixed with the oil and this tube 
remained neutral to the last. Emulsification depends entirely on the thick- 
ness and consistency of the fluid which is mixed with the oil. 

Brine extracts of pancreas mixed with oil failed to lead to the development 
of any acid. 
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Example 2. 

Pig's pancreas. In this case the experiment was repeated, but pig's 
fresh pancreas was used instead of dog’s. 

There was rapid and complete emulsion, and considerable, but less rapidly 
developed, acid reaction. 

Example 3. 

Cats pancreas. A perfectly fresh pancreas from a healthy cat was taken. 
Half to 1 hour after removal from the body it was pounded in a mortar with 
distilled water. The extract was perfectly neutral in action. Four test- 
tubes with an equal quantity of oil (pure and neutral) in each ; in (i) an equal 
quantity of the pancreatic extract, in (ii) boiled pancreatic extract, in (iii) 
péncreatic extract and carbolic acid to the extent of 1 in 40, in (iv) oil and 
water only. 

All of the tubes were exposed to a temperature of 40°C. and examined at 
intervals. In no case was there any evidence of fat-splitting up to two days. 


An extract of the gland made twenty-four hours after removal from 
the body gave similar and negative results. 

A second cat’s pancreas was used for a series of similar experiments, 
but neither in this could we obtain evidence of a fat-splitting ferment 
being present. 

It is a remarkable fact that the fat-splitting ferment should be so . 
difficult to prove in pancreatic extracts since in pancreatic juice, 


according to Claude Bernard, it is always present. We have been 


able in a large number of experiments to confirm his statement that 
the ferment or ferments acting upon fats do not occur in pancreases, 
except when fresh. 


(d) Rennettic Experiments, 

There can in our opinion be no possible doubt as to the very frequent 
presence of a rennet ferment in pancreatic extracts. Of course this does 
not necessarily imply its presence in natural pancreatic juice. We have 
made no experiments to shew its presence in the secretion of the gland. 
In the latest English text-books on Physiology, little stress has been 
laid upon the presence of a rennet ferment in the pancreatic juice or in 
pancreatic extracts by Foster (1889), Mc Kendrick (1889), Halli- 
burton (1890), and Waller (1891). The latter however makes the 
following observation on the subject: “for the sake of completeness, 
rather than because we have any reason to believe that the action is 
normally exercised, it may be mentioned that pancreatic juice or extract 
possesses the rennet property of coagulating milk; we have, however, no 
ground for supposing that milk can ever escape coagulation in the. 
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stomach either by rennet ferment or by acid and be coagulated by 
pancreatic juice.” We feel quite disposed to agree with these state- 
ments, but at the same time are unable to understand why such a very 
marked ferment action can be without some use. For, as has been 
pointed out by Roberts and others, the action is certainly remarkable. 
Thus, for example, 1 c.c. of an ordinary brine extract of pig’s pancreas 
(and the ferment is so active in the pigs’ pancreases we have tried, that 
we may generalize) will completely clot 15 c.c. of milk at 37°C. in less 
than a minute. 

Method of Experiment. Our experiments relating to the rennet 
ferment were done in the following way: Fresh skimmed milk was 
boiled and then cooled down to 38°C. A varying amount of the 
extract of pancreas to be tested was added with or without the addition 
of sodii bicarb. (which is by no means necessary for the action), and the 
mixture was watched and the time in which coagulation took place 
noted. If 1 cc. was unable to curdle 10, 15 or 20 cc. of milk, 2 cc., 
4 cc. or more, of the extract were added and the experiment was 
repeated as often as necessary. Control experiments were done with 
the same extracts of pancreas previously boiled. 


TABLE III. 
The curdling action of the different extracts on milk. 


1. Horse 50 c.c. milk + 3 c. c. extr. Firm clot in 3 minutes. 
2. Seal Firm clot, 
3. Otter 1 1 Firm clot in 10 minutes. 
4. Wallaby Imperfect slow coagulation. 
5. Serval Imperfect slow coagulation. 
6. Brown Bear 15 „ +5 „ No coagulation. 
7. Ocelot * +5 ,, No coagulation. 
8. Glutton Firm coagulation. 
9. Moufflon Slow coagulation. 
10. Lion +5 ,, No coagulation. 


The pancreatic extracts of Man, Pig, Dog, and Cat were all very 
active in their power of rapidly curdling milk. Also those-of several 
varieties of Eagle, but that of the Rhea was inactive. 

4 25°/, extract was used in all cases. 

There seems to be no relation between the activity of the diastasic 
ferment and that of the rennet ferment. The pancreases of the Otter 
and Wallaby possessed nearly the same diastasic power, but clotting 
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occurred in 10 minutes with extract of the Otter’s pancreas and only 
imperfectly, and after several hours with that of the Wallaby. 

The pancreas of the Horse produced firm and rapid clotting, but its 
diastasic activity was extremely slight. 

There seems also to be no very definite relation between the 
tryptic power of pancreas as estimated by the metacasein reaction and 
the power of curdling milk. In the Horse 7’ =62'5, and rapid clotting 
is produced in milk, but in the Seal where T' is less than 1, firm and 
rapid clotting is also noticed. In the case of the Wallaby T= 6, and 
milk is clotted only slowly and imperfectly. 

In some of the above experiments a brine extract was used. 
According to the recent researches of J. S. Edkins“ the presence of 
sodium chloride seems to aid the action of the rennet ferment. 

The different results shewn in the above table cannot however be 
attributed to this factor. Brine extracts of the pancreases of the Lion, 
Bear, Wallaby, Seal and Horse were used, and it will be seen that while 
the pancreatic extracts of the Lion and Bear were incapable of coagu- 
lating milk, that of the horse was exceedingly active and that of the 
Wallaby only moderately so. 

Differences in the curdling activity appear therefore to exist in the 
pancreatic extracts of different animals. 


Quantitative Eaperiments. 


Diastasic power. A series of experiments were made to determine 
the relative activity of the diastasic ferment in the pancreases of the 
following animals, which on the removal from the body had been pre- 
served in methylated spirit. 


1. Brown Bear. 6. Dingo Dog. 10. Seal. 

2. Drill Baboon. 7. Armadillo. 11. Wallaby. 
3. Otter. 8. Man. 12. Serval. 
4. Axis Deer. 9. Pig. 13. Horse. 

5. Paradoxure. 


In all cases except the Wallaby and Serval a spirit extract was 
used, the extracts of the pancreases of these two animals were made 
with brine. 

Each pancreas was pounded up in a mortar and mixed with four 
times its weight of dilute alcohol containing 25°/, of rectified spirit. 


For explanation of T see p. 487. 
2 This Journal, Vol. xu. 
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This mixture was digested at a temperature of 40°C. for several days 
and then filtered, a very small quantity of acetic acid having been 
added before filtration. 

A 1% starch solution was employed. 

A slight modification of a method suggested by Sir W. Roberts 
was employed. His method described in his own words was the follow- 
ing :— “In principle the method consists in ascertaining the quantity 
of starch mucilage of known strength which can be transformed, by a 
unit measure of a diastasic solution, to the point at which it ceases to 
give a colour reaction with Iodine, in a unit of time and at a fixed 
temperature.” 

The iodine solution used was made by diluting 1 vol. of the liquor 
iodi of the British Pharmacopeia with 200 volumes of water. 

The temperature of the mixture during digestion was maintained at 
40°C, 

The experiments were conducted in the following manner:—A 
series of test-tubes each containing I c.c. of the iodine solution were 
first prepared. 

A known volume of 1% starch mucilage was taken and diluted 
with water containing 1% of sodii bicarb. to ten times its original 
volume and was then raised to, and afterwards maintained at, a tempe- 
rature of 40°C. A known quantity of pancreatic extract was then 
added to the diluted starch mucilage and the time at which this was 
done was noted. At intervals of one minute, I c.c. of the mixture was 
withdrawn and added to an equal bulk of the iodine solution contained 
in the test-tubes, and the point of time at which any colour ceased to 
appear when the two fluids were mixed was recorded. This is spoken 
of as the achromic point. Sir W. Roberts determined the achromic 
point by placing a drop of the enzymosing liquid on a white plate with 
a drop of iodine solution, but the authors found (after using this method 
for some time) that it was more convenient and more accurate to mix 
the liquids in a test-tube as above described. 


Mode of Calculating and Expressing the Diastasic Value. 

“In reducing this principle to a definite formula it was necessary to 
choose arbitrarily a unit of measure of the diastasic solution and a unit 
of time. The unit of measure fixed on was 1 cc., and the unit of time 
five minutes. These selections seemed on the whole the best adapted 
for furnishing a convenient scale. On these bases the formula took the 
following form: the diastasic value of any solution—or D—is expressed 
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by the number of cubic centimeters of the standard starch mucilage 
which can be transformed to the achromic point by 1 c.c, of the solution 
to be tested in a period of five minutes at a given temperature. In the 
process of testing the quantity of the standard mucilage was made 
constant, namely 10 c.c., and the quantity of pancreatic extract and the 
time were made variable. In order to get the value of D the results 
must be so transformed as to make the quantity of extract and the time 
constant and the quantity of standard mucilage variable. This is 
accomplished by increasing or reducing a quantity of pancreatic 
extract employed to 1 c. and increasing or diminishing the standard 
mucilage in the same proportion. The product thus obtained is again 
increased or reduced in the same proportion as is requisite to increase 
or reduce the time to five minutes. The value of D is obtained by the 
following formula: Let p signify the quantity of pancreatic extract 
employed, and m the number of minutes found requisite to reach the 
achromic point, then :— 2 > — D. 

The value of D as already explained signifies the number of cubic 
centimeters of the standard starch mucilage which can be changed to 
the achromic point by 1 c.c. of the diastasic solution in five minutes at 
a given temperature. As the standard mucilage contains 1 p.c. of dry 
starch, the value of D divided by 100 gives us the same value in terms 
of dry starch” (Roberts). 

The following experiment may be taken as an example : 


10 c.c, Standard Starch mucilage + 90 C. c. of water + 2c.c. of pancre- 
atic extract of Bear at 40°C. 


Achromic point reached in 4 minutes. 
42 x $= D=625, 
or in terms of dry starch D = 0625 grains. 
The following table shews the value of D in the different cases :— 
TABLE IV. 
Diastasic value of the pancreatic extracts. 


Brown Bear D 0628 grains of dry starch 
o 
Otter D ” 1666 ” ” ” 
Paradoxure D = 025 
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Armadillo D = less than 0083 grains of dry starch 


Seal 
Wallaby D = 1388 ” ” ” 
Serval 
Horse D = less than 004 0 1 1 
Man D = We.» pa * 
Pig D 7 5 ” ” ” 

‘01 ” 


Bonelli’s Eagle D 


From our experiments we are led to believe that this method of 
estimating the diastasic activity of pancreatic extracts is open to 
considerable objection. 

By this method the activity of the ferment is measured by the 
rapidity of dextrin formation, not of sugar formation. It would be 
assumed from an examination of the figures in the above table that 
pancreases of the Otter and Wallaby possessed a very active diastasic 
ferment, but it was found from experiments in flask digestion that the 
conversion of starch into sugar was brought about very slowly. 

In both cases to 50c.c. of the standard starch, 5c.c. of pancreatic 
extract were added and the mixture placed in an incubator at a 
temperature of 36°C. At the end of 24 hours no evidence of sugar 
could be obtained, but at the end of 70 hours there was evidence of the 
presence of a considerable quantity of sugar. 

It was also observed that the presence or absence of a blue colour 
on the admixture of the iodine solution and the enzymosing fluid 
depended to a certain extent on the relative amount of the two 
fluids used. Thus by adding lec. of the enzymosing fluid to 2c.c. 
of dilute iodine (1200), no colour would be seen, though if 2c.c. of 
the enzymosing fluid were employed and only 1 c.c. of iodine solution, 
a distinct blue colour would be produced. 

It is to be noted that when the achromic point is reached not only 
is there no blue colour, but the natural yellow colour of the iodine 
solution is lost and the mixture is quite colourless. This decolouriza- 
tion of the weak iodine solution does not indicate that there is no 
starch present, but it indicates that a new substance (probably dextrin) 
is produced in sufficient amount to decolourize the iodine and prevent 
it giving a blue colour with starch. We had abundant opportunity of 
observing the mutual relations of quantity and time in the action of 
the diastasic ferment. Sir W. Roberts says, “The fundamental rule 
which governs the mutual relations of quantity and time in the action 

PH. XIII. 32 
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of an enzyme is that of inverse proportion. That is to say double the 
quantity of an enzyme will do a given amount of work in half the time 
and that half the quantity will require double the time.” In many of 
our experiments this relation did not seem to hold good: e.g. 
(1) 10cc. of Starch mucilage+90c.c. of water+4c.c. extract 
(Paradoxure). 
Achromic point reached in 5 minutes. . 
(2) 10cc. of Starch mucilage+90c.c. of water+2c.c. extract 
(Paradoxure). 
Distinct blue colour after 12 minutes. 
(3) lec. of Starch mucilage + 9 c.c, of water + 2c.c. extract (Seal). 
Achromic point reached in 4 minutes. 
(4) lec. of Starch mucilage + 9 c. c. of water + 1 e. c. extract (Seal). 
Pale blue colour after 10 minutes, 

Tryptic power. For estimating the proteolytic activity of the pan- 
creatic extracts the method suggested by Sir W. Roberts was employed. 
„When milk is subjected to digestion with pancreatic extract, a striking 
change takes place in it at an early stage of the process—the milk 
acquires the property of curdling when boiled. The onset of this re- 
action occurs at an earlier or a later period, according to the activity of 
the extract and the quantity of it employed, and it is possible to fix 
the time of its advent with considerable accuracy—sufficient accuracy 
to serve as the basis of a method of measuring the proteolytic activity 
of pancreatic extracts.” 

This body which curdles on simple boiling has been named by 
Roberts metacasein, and the property of curdling when boiled is 
spoken of as the metacasein reaction. 

“In principle the method of trypsimetry here proposed, consists in 
ascertaining how many cubic centimeters of milk can be changed to the 
onset point of the metacasein reaction in five minutes by lec. of the 
extract to be tested at a given temperature.” Roberts pointed out 
that by diluting the milk with an equal quantity of water the 
metacasein reaction is postponed, but the inequalities of the milk were 
minimised and“ strike” of the reaction was more sharply defined. 

In our experiments we followed exactly the mode of proceeding thus 
described by Sir W. Roberts. “50c.c. of fresh milk were diluted with 
50 c.c, of water, less the quantity of extract intended to be added. The 
diluted milk was then warmed to 40°C., and maintained exactly at that 
temperature until the close of the experiment. The intended quantity 
of the pancreatic extract, say le.c., was then added, and the time 
exactly noted. At the end of each minute a portion of the digesting 
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milk was withdrawn and boiled for a few seconds in a test-tube, 
inclining the test-tube to one side after boiling, to observe the effect. 
As soon as distinct curdling occurred on boiling, the experiment was 
considered finished ; the time was recorded and the number of minutes 
which had elapsed from the commencement of the experiment were 
reckoned. The object of the experiment was to ascertain how many 
c.c, of milk can be changed to the onset point of the metacasein 
reaction by lc.c. of extract in a period of 5 minutes at the temperature 
of 40°C. The tryptic value or T was calculated from this first 
expression of the results of an experiment in exactly the same way as 
for diastase. If p be made to signify the quantity of pancreatic extract 
added to the milk, and m the number of minutes which were required 
to reach the onset point of the metacasein reaction, then the value of 
T was obtained by the following formula :— 


The following results were obtained. 


TABLE V. 
Tryptic value of the pancreatic extracts. 
Dog (recently fed) T= 4464 


Dog (starving) T = 15°625 
Lion T= 3°333 
Axis Deer T= 20 

Brown Bear T= 20 
Wallaby T= 6:25 

Otter T = 15-625 
Drill Baboon T=10-416 
Horse 1 =62°5 

Seal 1 = less than 1 
Rhea T= less than 1 
Eagle T= 2777 


In the preceding notes of their experiments, it will be seen that the 
authors have not been able to find apy fixed rate as to the amount or 
activity of the pancreatic ferments in different classes of mammals. It 
has seemed to them remarkable that such irregular results should have 
been obtained. This irregularity might have been due to the ition 
of the animal at the time of death, whether healthy or unh 
whether in good condition or wasted, and the time which 
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since its last meal, but it could not have been due to any difference in 
the method of preserving the pancreases or of the method of preparing 
the extract for comparison. 

It will be noticed that of the four ferments dealt with, the tryptic 
ferment is by far the most universal and hardy, next to that we should 
put the rennet ferment, next the diastasic, and lastly, as being that 
which is, if present universally in the pancreases of animals (and this 
we are strongly inclined to doubt), most easily destroyed by pre- 
serving the pancreas in spirit, the fat-splitting ferment. We are quite 
unable to find proof of any special fat emulsifying ferment in any 
pancreas with which we have experimented. 


Section II. 


As regards the question as to whether there is any constant relation 
between the activity of the various ferments of the pancreas of an 
animal and of its food, we may say that the results of our experiments 
touching the pancreases of the carnivorous animals, the lion, the 
leopard, the serval, and the ocelot are of interest. 

Large quantities of brine, glycerin and spirit extracts of lion’s 
pancreas’ were added to weak starch solution and the mixture placed 
in an incubator at a temperature of 40°C. for 24 hours. At the end of 
that time iodine solution produced a deep blue colour, and there was 
no evidence of sugar. 

The same extracts were found to digest fibrin with great rapidity. 
No coagulation of milk occurred on adding 5c.c. of brine extract to 
15c.c. of milk. 

Leopard. The following mixture was placed in the incubator at a 
temperature of 40°C, for 24 hours. 

1 C. c. of 1% starch solution. 

9 c. c. of 1% Sod. Carb. solution. 

1 C. c. of 25°/, spirit extract of pancreas. 
There was no evidence of sugar at the end of 24 hours. 

Decolourization of weak iodine solution (1—200). 

Milk very slight and imperfect coagulation. 

Ocelot. After 24 hours’ digestion with starch solution in an incubator at a 


temperature of 40˙0., there was a well-marked blue colour with iodine solution. 


No sugar reaction, as indicated by the copper reducing test. 
No clotting of milk. 
Rapid action on fibrin. 


i We have had two opportunities of obtaining the pancreas of the lion. 
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Serval. Blue colour with iodine after 24 hours’ digestion. Very slight 
reduction of copper. On adding 5 c.c. of extract to 15 c. c. of milk no clot 
formed at the end of forty minutes. After several hours a slight and 
imperfect clot appeared. 


This would seem to shew that the pancreases of the above- 
named carnivorous animals have little or no power of convert- 
ing starch into sugar and also do not possess any rennet 
ferment. | 


The tryptic power of all these extracts was unusually 
active. 

It will also be noted by reference to Table L, that in the extracts of 
the pancreases of several more carnivorous animals, the diastasic power 
was slight, but the horse’s pancreas gave an irregular result, it was very 
inactive as regards amylolytic power and very active as regards its 
tryptic or proteolytic ferment. 

It will also be noticed with reference to Table IL, that the tryptic 
ferments of several carnivorous animals were only slightly active. 

The fat-splitting ferment is not commonly present in 
pancreatic extracts. 

No conclusions can be drawn with reference to the rennet ferment 
(Table IIL) except that it is more often present than not, and 
that in some pancreases it is extremely powerful. 

We may notice, in passing, as an interesting fact, that only the 
following animals appear in the first class as regards the activities of all 
of their ferments ; the pig, the ox, the man, and sea-eagle’. 


Section III. 


Our experiments to test the activity of human pancreatic ferments 
in diseased conditions have not been as numerous as could be wished. 
The main reason of this has been the difficulty of obtaining the gland 
at a sufficiently short time after death to preclude the possibility of 
incipient decomposition. So far“ we have carefully gone into the 
ferment activity of pancreases from one case of phthisis, one case of 
surgical disease causing death, one of morbus cordis and one case of 
leucocythemia, and were fortunate to obtain, by the kindness of Mr 
Anthony Bowlby, the pancreas of a strong muscular healthy man 
who was killed at a fire which took place in Cloth Fair, E.C., in 

1 We have had opportunities of obtaining several specimens of pancreas from different 


kinds of eagles; that of the sea-eagle is by far the most active. 
We are continuing these experiments (April, 1892). 
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October 1890, the extract from which we used as one type of a healthy 
human pancreas, and compared the extracts from the other human 
pancreases therewith. 


Case I. Patient died of surgical disease, nature not stated, but not 
producing any marked wasting. 

(a) Amylolytic ferment. The brine extract and the 10% chloride of 
ammonium extract were moderately active in converting starch mucilage into 
sugar; 3c.c. converting 1 grn. of dry starch, and producing in 24 hours 0°15 
grains of sugar at 38°C. 

The diluted acid spirit extract was much less powerful and took 3 days to 
perform about half the work. 

(b) Tryptice ferment. This ferment was powerful both in brine and acid 
spirit extract. 4 0. c. completely dissolved 0°44 grains of boiled fibrin in 
16 hours. 

(c) Rennet ferment. Was present in any extract tried to a very slight 


Case II. Patient, girl, aged 18, died of leacocythemia—not much wasted. 

(a) Amylolytic ferment. About two-thirds the activity of Case I. and 
one-half that of Case III. The amylolytic ferment was thus only slightly 
active. 

(6) Tryptic ferment. Was present and active. 

(c) Rennet ferment. Was absent. 


Case III. Case of healthy man suddenly killed. 

(a) Diastasic ferment. 5 o. c. of a brine extract completely converted 
1 grain of dry starch into sugar in half the time taken by extract from 
Case II. 

(6) Tryptic ferment. Very active. 

(e) Rennet ferment. Very active, 2¢.c. of any extract was able to 
coagulate 20 C. c. of skimmed milk in 2 minutes. 

In passing we may mention that the extracts from this patient’s gland 
were only second in activity to the extracts of the pig’s pancreas. 


Case IV. From a patient with morbus cordis (aortic and mitral valvular 
disease, and no other disease). 

(a) Diastasic ferment, The acid spirit extract was very feeble, the 
extract was used according to Roberts’s method and the value of D in terms 
of dry starch = 033 grains. 

(6) Tryptic ferment. Very active. 

(c) Rennet ferment. (No note can be found of this saree probably 
omitted by mistake.) 0 

(d) Oil eplitting ferment. Absent. 
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Case V. From a case of advanced phthisis. 

(a) Diastasic ferment. The diastasic value of D in terms of dry starch 
was 0°02, or nearly a third less powerful than in Case IV., scarcely any 
power of converting starch into sugar. 

(6) Tryptic ferment. Very feeble, in Roberts’s terms 7 = less than 1. 

(c) Rennet ferment. Present but to only a very slight degree—2 c. c. of 
the spirit extract required 65 minutes to clot 20c.c. of milk (neutral in 
reaction and of Sp. Gr. of 1032). 


So few cases are insufficient to justify any very definite conclusions, 
but Cases I. II. and V. appear to allow the general statement that the 
activity of the human pancreatic ferments may be considerably 
diminished in wasting disease. Cause V. is remarkably illustrative, 
in the extract used three of the ferments were present but to a 
comparatively slight extent. 


Section IV. 


Some experiments were made with pigs’ pancreases to discover 
whether any inversive ferment was present which has the power of 
converting cane sugar into dextrose and levulose. 

Inversive ferment. Neither active brine extracts of pancreas 
nor fresh pig’s pancreas has the power of inverting cane 
sugar in an alkaline medium. 

Cane sugar kept in contact with 2°/, solution of HCl reduces 
copper readily at the end of 15 minutes. 

At the end of 24 hours it still, however, blackens on the addition of 
pure H, S0. 

Some experiments were also made with raw starch to ascertain 
whether pigs’ pancreatic extracts have any action upon it to convert it 
into sugar. 

Experment I. Raw starch grain 1 + Water 50 c.c. + Sod. Bicarb. grain 3. 

This was placed in an incubator for 24 hours at a temperature of 32° C. 
Violet colour with iodine solution. No evidence of sugar on boiling with 
KOH and CuSO,,. 

Expertment II. Raw starch grain 1+ Water 50 c. c. ＋ Sod. Bicarb. 
grain 3 fresh pig’s pancreas, pounded. 

Placed in incubator at a temperature of 32“ C. for 24 hours. 

No evidence of sugar on boiling with KOH and CuSO.. 

After boiling, cooling and adding iodine solution, there was a reddish colour 
which rapidly faded. All the starch appeared to have been converted into 
erythro- and achroo-dextrin. 
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Experiment III. Raw starch grain 3 solution of HCl 1% 50 c.c. 

Placed in incubator at a temperature of 90° F. for 24 hours. 

No sugar reaction. After boiling, cooling and adding iodine to some of 
the solution, a pure blue colour appeared. 

The acidity of the solution was neutralized and rendered alkaline to the 
extent of 1% Sod. Carb. 

Some fresh pig’s pancreas previously pounded in a mortar was added and 
the mixture was replaced in an incubator for 24 hours. 

On again testing the mixture there was no evidence of the presence of 
sugar. After boiling, and cooling, iodine solution was added. A reddish 
colour appeared which rapidly disappeared. 

Fresh pig’s pancreas appears therefore to have the power 
of converting raw starch into dextrin. 


Effect of Antiseptics on Starch Digestion. 
Two flasks were taken. 
A, 50c.c. (1% Starch solution). 
1 °/, Sod. Carb. 
5 c.c. of Brine extr. (Ox). 
10 c.c, water. 
B. 50 c. c. (1% Starch solution). 
1 %ͤĩ Sod, Carb. 
5 C. c. of Brine extr. (Ox). 
10 C. c. of 5 % Solution of Acid Carbol. 
Proportion of Acid Carbol. = 1—130, 
Placed in incubator. 
At end of 24 hours faint reddish colour in both flasks, on adding iodine. 
Sugar estimated by Pavy’s method shewed an equal quantity in both 
flasks. 
A. 50 C. c. Starch solution (1°/,)+1°/, Sod. Carb. +5 C. c. Brine Pig’s. 
B. 50 c. c. Starch solution (1% / 1%è Sod, Carb. 5 c.c. Pig's 


+ Hyd. Perchlor. gr. 1/20. 
Incubator 24 hours. 


Sugar estimated and found equal in both flasks, therefore conversion of 
starch into sugar not hindered by presence of acid carbol. 1 in 130 of Hyd. 
Perchlor. 1—1000. | 


These and similar experiments, with reference to the other ferments 
proved conclusively that antiseptics do not interfere with the action of 
the unorganized ferments of the pancreas and confirm the results of 
former experiments by one of us, reported in a former volume of this 
Journal’, 


1 Harris and Tooth. Vol. . p. 220. 
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ON FRACTIONAL HEAT-COAGULATION. BY R I. 


HEWLETT, M.B., Demonstrator of Bacteriology, King’s College, 
London. 


THE method of fractional heat-coagulation was introduced by Prof. 
Halliburton and has been employed by him in the examination of 
many animal fluids, especially of serum“, which he believes in some of 
the higher vertebrates contains a mixture of three albumins. 

Corin and Berard’, using this method of fractional heat-coagulation, 
came to a somewhat similar conclusion respecting the white of egg, and 
claim to have shown that white of egg contains a mixture of five 
proteids, two globulins and three albumins. 

In 1890 Messrs Haycraft and Duggan’ published a criticism on 
this method, and I cannot do better than quote Halliburton’s concise 
summary of their views“: 

“The coagulatioy point of a proteid is considerably raised by diluting 
its solution, and a very dilute solution may not coagulate, even on 
boiling. Without doubting the possibility of fractionating some proteids, 
this factor in determining the temperature of coagulation has been 
neglected by Corin and Berard and by Halliburton, and therefore a 
doubt is cast upon the results they have obtained by fractional heat- 
coagulation. In order that the proteids separated may be considered 
distinct from one another, it is necessary that other differences besides 
that of mere heat-coagulation should be demonstrated to exist. It is 
thus possible that serum-albumin and egg-albumin may be single 
proteids, and the fact that various precipitates at different temperatures 
are obtainable, can be explained in one of two ways: either that the 
heat when applied for a long time alters the character of the proteid in 
solution so that its temperature of coagulation is heightened, or that 


' This Journal, Vol. v. p. 159. 
Bul. de V Acad. roy. de Belg. xv. 4, 1888. 


Brit. Med. Journ. Vol. 1. 1890, p. 167, and Proc. Roy. Soc. Ed. 1889, p. 351. 
This Journal, Vol. XI. p. 454. 
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the result is simply the effect of dilution; a solution of serum-albumin, 
for instance, is raised to 73°C., and the precipitate which occurs is 
filtered off; that left in solution is now more diluted, hence the coagu- 
lation-temperature is higher. Granting, however, for the sake of 
argument, and in view of Haycraft’s experiments, that serum-albumin 
is a single substance, the question arises what explanation can be given 
of the fact that various precipitates are obtainable at different tempera- 
tures. 

“Haycraft has suggested three possible explanations, viz.— that the 
coagulation point rises in virtue of :— 

“I. The solution becoming continually more dilute ; 

“II. Its becoming less acid; 

„III. Changes which are being produced in theproteid itself, by the 
action of the high temperature to which it is subjected.” 

The second of these may be disregarded, as in the process of 
fractional heat-coagulation the acidity is or should be kept constant by 
neutralizing the liquid and re-acidifying from time to time. 

Haycraft and Duggan seem to lay most stress on the first 
explanation and from their experiments it would appear that dilution 
has a very marked effect in raising the coagulation-temperature. 
Halliburton’, accepting in the main their experimental facts, pointed 
out that in most of the experiments they had used alkaline or neutral 
solutions, and considered that probably if their solutions had had a faint 
and constant degree of acidity, the disturbing influence of dilution 
would have been reduced to a minimum, In the one experiment which 
they quote where this was the case the rise in the coagulation-tempera- 
ture on dilution was certainly not so great as with alkaline solutions, 
though still considerable. 

J. Corin and Ansiaux’, from experiments done with serum, do not 
accept Haycraft and Duggan’s conclusions. These authors insist on 
the importance of not heating too quickly in observations on coagulation- 
temperatures, and they believe that dilution simply retards coagulation 
but does not alter its temperature: with this I fully concur. 

Fredericq’ also defended the method of fractional heat-coagulation, 
and to this Haycraft* sent a short reply reaffirming his views. 

Chittenden and Osborne“ have made use of the method in a 


1 This Journal, Vol. XI. p. 456. 

2 Bul. de V Acad. roy. de Belg. XXI. 8, 1891. 

3 Centr. Physiol. m1. p. 601. 

4 Centr. Physiol. rv. p. 1. 

5 Amer. Chem. Journ. Vol. xm. 7 and 8, Vol. xrv. 1. 
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recent study of the proteids of the corn or maize kernel. The results 
obtained by it they confirmed in other ways. My own work on this 
subject, which however only relates to the white of egg, gives no support 
to Haycraft and Duggan’s views, which it will be convenient to 
consider in detail and seriatim. 

Method. Haycraft and Duggan used the ordinary double water- 
bath’, stirring the solution with the thermometer to obtain uniformity 
of temperature throughout the solution. The rate of heating was such 
that it took forty minutes for the solution to attain a temperature of 
80°C.: this the authors consider “unnecessarily slow’*.” 

In all my experiments I have used an oil-bath. The apparatus 
is arranged as for a water-bath, but substituting oil for the water, that 
is to say, a glass beaker containing oil is suspended within a second 
larger beaker also containing oil. The proteid solution is placed in a 
narrow test-tube provided with a thermometer, and this is suspended in 
the oil in the inner beaker. The oil I have been in the habit of using 
is a pale cod-liver oil; this is cheap and non-inflammable. The 
advantages of the oil over water are the following: (1) the refractive 
indices of the glass and oil are nearly the same, so that visual distortion 
of objects is reduced to a minimum ; (2) opalescence is more distinct ; 
the reaction is rendered more delicate ; (3) there is no bubbling which is 
troublesome when water is used, especially at the higher temperatures ; 
(4) evaporation does not take place. 

The same oil may be used for a large number of observations; after 
a time it becomes somewhat darker and it is better then to renew it. 

I never stir the solution with the thermometer ; this is kept fixed in 
the centre of the test-tube. With a tube of small diameter and with 
slow heating the difference in temperature between the different parts 
of the solution must be very slight, and moreover will be practically 
constant in all experiments and hence may be neglected; if not 
absolutely accurate the results obtained will be strictly comparative. 
The importance of not stirring is seen from the following: if during an 
experiment the solution be carefully watched, coagulation will be seen 
to commence at the surface and spread downwards in the centre around 
the bulb of the thermometer so that it is possible at a certain point to 
have a central cone of opalescence with the apex downwards, the outer 
portion of the solution still being perfectly clear. It is often very 
difficult to state the exact time of onset of opalescence ; here however 


1 Gamgee, Physiolog. Chem. p. 15. 
2 Proc. Roy. Soc. Ed. 1889, p. 363. 
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we have a standard of unaltered solution in the outer portion to use as 
a comparison. If the solution be stirred, the distinction between the 
outer and inner layers of the solution is lost, and the exact moment of 
the occurrence of opalescence may be missed. The rate of heating in 
most of my experiments was about 45°C. in thirty-five minutes: the 
source of heat was removed when the temperature of the solution was 
2° or 3° below the expected temperature of coagulation. The oil in the 
outer beaker being as a rule 3° or 4° higher in temperature than the oil 
in the inner beaker, the latter part of the heating was thus rendered 
slower. The heating was always continued for some time after the first 
appearance of opalescence in order to make sure by the increase of the 
opalescence that this had really been observed. 

Opalescence and coagulation. Throughout their paper Hay- 
craft and Duggan make a distinction between the temperature of 
opalescence and that of coagulation, the latter being the point at which 
flocculi appear. I agree with J. Corin and Ansiaux (loc. cit.) that 
there is no need to make this distinction; if the heating be con- 
tinued sufficiently long flocculi form at the temperature at which 
opalescence first appeared. No doubt the formation of flocculi is a very 
slow ess if the temperature be not raised above that of opalescence, 
while with a rise of only a degree or two above this, flocculi quickly 
appear, at any rate in a strong solution. The explanation of this is, I 
think, somewhat as follows. In an aqueous solution of a proteid, even 
when concentrated, there must be a number of molecules of water and 
comparatively few molecules of proteid. The temperature of the 
solution of the proteid represents the average energy of all the 
molecules ; some will have a greater and others a lesser energy. When 
opalescence appears we may suppose that the changes which convert 
soluble into insoluble or coagulated proteid have taken place in some of 
the proteid molecules, these being a few which happen to have attained 
a certain velocity which is really higher than that represented by the 
temperature. Owing to the irregular collisions of the molecules, their 
energies or velocities are constantly changing and in time each proteid 
molecule in all probability will in its turn attain the velocity necessary 
for coagulation to take place; the more dilute the solution the longer 
will this take, and in any case the process must be a slow one on 
account of the comparatively small proportion of proteid molecules. 
Raise the temperature a degree or two, and the number of molecules at 
any given time which have attained the velocity necessary for coagula- 
tion to take place is much increased and coagulation becomes more 
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rapid. Now flocculi are merely aggregations of fine particles, these 
being aggregations of molecules, and if the particles form at a rapid rate 
then flocculi soon appear, as is the case when the temperature is raised 
above that of opalescence; while if the temperature be maintained at 
that of opalescence, particles form only slowly and it will be a long time 
before any flocculi are seen. I am convinced that opalescence and 
coagulation (formation of flocculi) can and do take place at the same 
temperature and therefore throughout this paper I shall use these words 
as synonymous; if I wish to call attention to the formation of flocculi 
the fact will be stated. The foregoing explains too how it is that 
coagulation is a gradual and not a sudden process. 

The rapidity at which coagulation is allowed to take place. 
Haycraft and Duggan’ state that “this is an acknowledged factor. 
If a solution of a coagulable proteid be heated quickly, the proteid will 
be found to coagulate at a higher temperature than if the heat be 
applied more slowly. Thus we found that egg-albumin diluted with 
one volume of water, coagulated at 64°C., when slowly heated, the 
temperature taking forty minutes to reach this point. Another portion 
of the same solution coagulated at 66°C., when heated rapidly, the 
experiment taking in this case only one minute.” I regard this 
experiment as inconclusive; in the latter instance the rate of heating is 
far too rapid to give a trustworthy result. The differences in the 
coagulation temperatures which occur with slow and rapid heating are 
apparent only. Thus, if a proteid solution coagulates at a temperature 
T., the heating taking half-an-hour, and if this be the lowest point 
at which the proteid coagulates, then if the heating takes as long 
again, viz. an hour, the coagulation will still take place at the same 
temperature T'. The authors furnish an explanation of the apparent 
difference of coagulation-temperature with slow and rapid heating :— 

„When opalescent, the fluid will be found to contain numbers of tiny 
granules. These granules increase in size, and apparently become 
adherent, and run together to form granular masses or flocculi. This 
naturally requires time (the spacing is my own) and if the fluid be 
heated rapidly the temperature may materially increase above the point 
at which, were the fluid kept for a sufficient time, coagulation would 
occur.” 

It is strange they did not apply this principle to the case of dilute 
solutions. Just as minute visible particles @alesce to form flocculi, so 


1 Brit. Med. Journ. loc. cit. 
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before this, numbers of invisible particles must unite to form the 
visible particles. When the solution is dilute the proteid molecules are 
more widely separated and hence a longer time must elapse before 
visible particles appear. Another factor which also probably renders 
the coagulation, that is the conversion of soluble into insoluble proteid, 
less rapid in dilute than in strong solutions, is the influence of mass. 

As an example of the influence of mass on the rate of chemical 
change I may quote the following: Cane sugar under the influence of 
a dilute acid is inverted, being converted into a mixture of dextrose and 
levulose. The decomposition may be represented as follows : — 


On + H,O = C, H,O, + C, 
(Cane sugar) Dextrose) (Levulose) 

Wilkelmy“ has shown that approximately the quantity of sugar 
inverted every moment is proportional to the amount of unaltered sugar 
present. 

Now I do not mean to say that this exactly represents the case with 
regard to the heat-coagulation of proteids; I believe however that the 
heat-coagulation itself takes place at a slower rate in dilute solutions 
than in strong solutions. 

I have brought forward these considerations to emphasize the 
importance of slow heating in determining the coagulation-temperatures 
of dilute proteid solutions; the more dilute the solution the slower 
should be the rate of heating. 

Haycraft and Duggan have suggested however that the phe- 
nomena of fractional heat-coagulation may be due to changes produced 
in the proteid by prolonged heating, in which case the above recom- 
mendation of a slow rate of heating would introduce serious error into 
observations. The following experiments however seem to show that 
prolonged heating does not alter the temperature of coagulation of 
white of egg: 

White of egg was mixed with an equal volume of distilled water, 
beaten up, acidified with 2°/, acetic acid and filtered. This solution 
coagulated at 55°25". Some of the same solution was kept at a 
temperature of 53° for 7 hours by heating in a water-bath, the tempera- 
ture of which was regulated by a Reichert’s gas-regulator. After this 
prolonged heating coagulation took place at the same temperature as 
before, viz. 55°25°. In another case some solution of white of egg 
prepared in the same manner was heated to 75° for 15 minutes: it was 


1 Ostwald, Outlines of Gen. Chem. p. 292. 
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then filtered. The filtrate was re-acidified and again heated to 75° for 
15 minutes and the precipitate filtered off. The filtrate was again re- 
acidified and heated to 75° for half-an-hour and a small precipitate 
filtered off. A portion of the filtrate was then heated to determine the 
temperature of coagulation ; faint opalescence appeared at 74°, but did 
not increase until 76’ was reached, when it rapidly became denser and 
at 77° flocculi separated out. The remainder was kept at a temperature 
of 70° for 6 hours and then its temperature of coagulation was determined. 
The mode of coagulation was exactly the same as observed before, that 
is, faint opalescence appeared at 74°, becoming dense at 76°, and flocculi 
separating out at 77°. 

Thus, although small quantities of acid- or alkali-albumin, or of 
primary proteoses, may be formed by prolonged heating, I do not think 
less profound changes occur which raise the coagulation-temperature. 
Moreover supposing such changes do occur I believe the coagulation- 
temperature would be lowered not raised thereby, for surely a higher 
coagulation-temperature would mean increased stability, which would 
hardly be looked for if these less profound changes had taken place. 
I believe then that the phenomena of fractional heat-coagulation cannot 
be explained by the occurrence of slight changes in the proteid brought 
about by prolonged heating and which raise the coagulation-temperature. 
This too is directly opposed to a previous statement of the authors 
which I have already discussed, viz. that if a proteid be heated quickly 
it will coagulate at a higher temperature than if the heat be applied 
more slowly. 


Effect of dilution on the temperature of coagulation. 
Haycraft and Duggan state (and also quote Sir W. Roberts to 
the same effect) that “egg-white diluted but nevertheless forming a 
comparatively strong solution may not coagulate on boiling’.” This is 
only true when there is sufficient acid or alkali present to convert the 
proteid into acid- or alkali-albumin. The influence of mass is most 
strikingly brought out in this relation, for it has been shown that the 
quantity of acid necessary to convert albumin into acid-albumin rises 
much more quickly than the amount of albumin to be converted. 
With dilute solutions it is astonishing how small an amount of acid is 
sufficient to prevent coagulation, as the following example will show. 
Egg-white was mixed with an equal volume of distilled water, beaten 

up, acidified and filtered. The temperature of opalescence was 555° 


1 Proc. Roy. Soc. Ed. p. 369. 
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and flocculi were deposited at 56°. One volume of this solution of egg- 
white was then mixed with nineteen volumes of acidified water (75 c.c. 
distilled water + 1c.c. 2°/, acetic acid) and the temperature of coagulation 
determined. At 57° a very slight opalescence appeared but did not 
increase as was expected. The heating was continued slowly until 67° 
was reached, when an increase in the opalescence occurred ; at 69° this 
was so marked that the bulb of the thermometer was almost invisible 
and at 69°5° flocculi separated out. No doubt Haycraft and Duggan 
would have concluded that the rise in coagulation-temperature was due 
to the effect of dilution. When however instead of acidified water the 
same egg-white solution was diluted with distilled water to the same 
amount, opalescence occurred at 56° and flocculi separated out at 59°, 
being practically identical with the figures obtained for the undiluted 
egg- white solution. It is a remarkable coincidence that the temperature 
of opalescence observed when acidified water was used is the same as 
that given by Corin and Berard for their g-globulin, and the only 
explanation which will satisfy the facts observed in this experiment is 
that the solution of egg-white was a mixture of proteids, that one or 
more of the proteids having the lower coagulation temperatures were 
converted into acid-albumin, and the lowest coagulation-temperature of 
the remaining unaltered proteid or proteids was 67°. 

I have intimated above that it is only when there is an excess of 
acid or alkali present that a weak solution of egg-white refuses to 
coagulate ; in a practically neutral solution extremely dilute solutions 
coagulate on boiling. Thus an acidified solution of egg-white (1 in 2) 
was diluted with distilled water so as to form a 1 in 800 solution corre- 
sponding to not more than 018 per cent. of proteid ; this solution became 
distinctly opalescent on boiling. 

_ Haycraft and Duggan state as the result of their experiments 
that “in all the albuminous solutions we have investigated, the coagu- 
lation point is considerably raised by diluting the solution,” and that in 
diluted egg-white “opalescence occurs about 1°C. higher for each 
dilution.” My observations give no support to these conclusions, which 
I believe are erroneous from the rate of heating adopted being too 
rapid. 

Below I give tables of my experiments: 


I. Egg-white mixed with an equal volume of distilled water, beaten up 
and filtered. The dilutions made with tap-water. F 
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565° 
Above solution (1 in 2) 7 5 57° 
2 vols. above + 2 vols. tap-water (1 in 4) 57°5° 
2 vols. above + 6 vols. tap-water (1 in 8) 57°5° 
2 vols. above + 14 vols. tap-water (1 in 16) 57°5° 
2 vols. above + 28 vols. tap-water (1 in 30) — 59° 


II. Egg-white mixed with an equal volume of distilled water, beaten up, 
neutralized with 2°/, acetic acid, and filtered. The dilutions made with tap- 


water. 
Opalescence 
Above solution (1 in 2) 5% 66%707 
2 vols. above r 2 vols. tap-water (1 in 4) 57˙5˙ 
2 vols. above+ 6 vols. tap-water (1 in 8) 57°5° 
2 vols, above + 14 vols. tap-water (1 in 16) 57°5° 


2 vols. above + 28 vols. tap-water (1 in 30) ‘se 58° 


III. Egg-white mixed with an equal volume of distilled water, beaten up 
and filtered. The dilutions made with distilled water. 


560 
Above solution (1 in 2) { oye 665 
2 vols. above + 2 vols. distilled water (1 in 4) 57° 
2 vols, above + 6 vols, distilled water (1 in 8) 575° 


2 vols. above + 14 vols. distilled water (1 in 16) 58˙80 
2 vols. above + 28 vols. distilled water (1 in 30) 59˙2⁵% 


IV. Egg-white mixed with twice its volume of distilled water, beaten up, 
acidified with 2°/, acetic acid, and filtered. Dilutions made with — 
water (75 c. c. distilled water + 1 c. c. 2% acetic). 


3° 
Above solution (1 in 3) a 
1 vol. above+ 1 vol. acidified water (1 in 6) 54° 
3 vols. above + 5 vols. acidified water (1 in 8) 54° 
3 vols. above + 13 vols. acidified water (1 in 16) » 845° 
8 vols. above +27 vols. acidified water (1 in 30) se 55-75° 


The above tables of experiments show that up to a dilution of one 
in eight the rise in the coagulation temperature is inappreciable (I 
regard a difference of à as quite within the limits of experimental 
error). Beyond that a slight rise appears to take place, the maximum 
difference for a dilution of one in thirty being 2°75°, and this is where 
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the solution was acid and the dilution made with acidified water. 
At first sight this result seems to be paradoxical, for here we have the 
condition present which has been insisted upon as necessary for fractional 
heat-coagulation, viz. a constant degree of acidity. A moment’s considera- 
tion will show however that this is what should happen. There can be 
no doubt whatever that the white of egg contains at least two proteids, 
a globulin and an albumin. In all experiments on the temperature of 
coagulation of white of egg it is the temperature of coagulation of the 
globulin which is observed. If the globulin be prepared in a pure 
state, its temperature of coagulation in a neutral solution will be found 
to be about 57° and the temperature of coagulation of the pure albumin 
in an acid solution will be found to be 62° (here I differ from Corin 
and Berard, who give 72° as the lowest coagulation-temperature of the 
albumin). The coagulation-temperature observed then even in undiluted 
egg-white is the coagulation-temperature of a somewhat dilute solution 
of globulin, the globulin forming only a small percentage of the total 
proteid present in egg-white. As dilution proceeds the coagulation- 
temperature observed is that of a very dilute solution of globulin, 
hence the necessity of a slow rate of heating. By acidifying, a large 
proportion of the globulin is precipitated, and as dilution proceeds we 
are ultimately dealing with an excessively dilute solution of globulin, 
hence the greater difference observed in the coagulation-temperature of 
an acid solution of diluted egg-white. 

As dilution proceeds the temperature of coagulation appears to rise 
slightly. This however is only apparent and is due to a too rapid rate 
of heating. 

The following experiment was made to test this point, and was 
performed as follows: the heating was commenced by means of a large 
flame and the oil in the outer beaker of the oil-bath quickly raised to 
within a degree of the coagulation-temperature as observed in the usual 
way. The large flame was then removed and replaced by a smaller one, 
by which the rate of heating was very slow, the rise in temperature 
being only 1° in 10 minutes: 

V. Egg-white mixed with an equal volume of distilled water, acidified 
with 2% acetic acid, and filtered. The dilutions made with distilled water. 


Opalescence 
Above solution (1 in 2) 54° 


2 vols. above+ 8 vols. distilled water (1 in 10) 54° 
2 vols. above + 18 vols. distilled water (1 in 20) 54° 
2 vols. above + 28 vols, distilled water (1 in 30) 54° 
2 vols. above + 38 vols. distilled water (1 in 40) 54° flocculi at 57° 
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When egg-white is saturated with magnesium sulphate filtered and 
the filtrate diluted with a saturated solution of magnesium sulphate, 
the coagulation-temperature is not much raised as dilution proceeds; 
the magnesium sulphate however seems to retard the rate of coagulation 
so that a slow rate of heating is even more necessary than when the 
solution is an aqueous one. In the following table the first temperature 
is that obtained by heating in the ordinary way, the others are the 
result of a slower rate of heating: 


VI. Egg-white mixed with one and a half times its volume of water, 
beaten up, and saturated with magnegium sulphate in crystals. The solution 
filtered and the dilutions made with a saturated solution of magnesium sul- 


phate (sat, at 15° C.). 


Opalescence 
Above solution (1 in 2} about) e a 60 8 
1 vol. above +1 vol. MgSO, sol. (1 in 5 about) 67-4 068 66·8˙ 
1 vol. about +5 vols. MgSO, sol. (1 in 15 about) 68-4 68.4, 68.3 
1 vol. above + 11 vols, MgSO, sol. (1 in 30 about) 72°6" 70 


The rise in the coagulation-temperature for a dilution of one in 
thirty is about 4°; for serum-albumin under similar conditions Haycraft 
and Duggan found, for a dilution of one in six, a rise in the coagulation- 
temperature of 5°. 

The above experiments give no support to Haycraft and Duggan’s 
suggestion that the phenomena of fractional heat-coagulation are the 
effect of dilution; the results they have obtained seem to me to be due 
to the adoption of a too rapid rate of heating. 

If the phenomena of fractional heat-coagulation are due to dilution, 
then if a proteid solution which has been subjected to a partial fraction- 
ation be concentrated so that the percentage of proteid becomes the 
same as before, the coagulation-temperature should be depressed to the 
original (unless a change has occurred in the proteid, which has already 
been shown not to be the case). To test this point the percentage of 
proteid in solution was determined, partial fractionation was performed, 
the percentage of proteid in the filtrate determined and this was 
concentrated over sulphuric acid in a partial vacuum, special precautions 


As serum contains only about half as much proteid as egg-white, this corresponds to 
a one in twelve solution of egg-white. 
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being taken to avoid bacterial action, by the use of sterilized vessels etc. 
Two experiments were made in this manner with the following results:— 


VII. Egg-white mixed with an equal volume of distilled water, beaten up, 
acidified with 2% acetic acid, and filtered. 

Dried residue from 10 c. o. dried at 105° = · 5680 | 

= 5°68 / proteid nearly. 

Opalescence occurred in the above solution at 54°. 

50 c.c. of the above solution were heated to 74° for 20 minutes, filtered, 
filtrate re-acidified, again heated to 74° for 20 minutes and a small precipitate 
filtered off. 

Dried residue from 5 c. c. of this filtrate, dried at 105° 1030 

= 2-06°/, proteid nearly. 

Opalescence occurred in this filtrate at 75°5°. 

19 c.c. of this filtrate evaporated over H, SO, and reduced to 6 o. o. 
Percentage of proteid in concentrated filtrate = 2°06 x 4,° = 6:52 nearly. 
Opalescence occurred in this concentrated filtrate at 70°. 


Thus after concentration, the filtrate from the partial fractionation 
was richer in proteid than the original solution (6°52°/, against 5°68°/,), 
yet its coagulation-temperature was 16° higher (70° against 54°). It is 
true that after concentration there seems to be a lowering of 5° in the 
coagulation-temperature compared with the filtrate before concentration. 
This is probably partly due to concentration of acid, and partly to too 
rapid heating. In the next experiment care was taken to obviate these. 


VIII. Egg-white mixed with an equal volume of distilled water, beaten 
up, acidified with 2°/, acetic acid, and filtered. 

Dried residue from 5 c. c. of above sol. dried at 105° 2570 

Ash = 0090 

Proteid = -2480 = 4-96 / 

Opalescence occurred in the above solution at 55°5°. 
Diluted with 19 vols. of distilled water (1 in 40) opalescence 56°. 
75 c. o. of above solution heated to 72° for 20 minutes, filtered, filtrate 


re-acidified and heated to 72° for 20 minutes, again filtered, filtrate re-acidified 
and heated to 72° for 15 minutes. Filtered. 


Dried residue from 5 c. c. of this filtrate, dried at 105° · 1000 
Ash = 0090 
Proteid = ‘0910 = 1°82 °/,. 


Opalescence occurred in this filtrate at 68°. 
27 o. c. of this filtrate evaporated over H, SO, and reduced to about 11°5 c.c. 
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Dried residue from 5 c.c. of concen. filtrate, dried at 105° 2260 
Ash = 0240 
Proteid = 2020 404% 
Opalescence occurred in concentrated filtrate at 67 75“. 
Diluted with 5 vols. of acidified water, opalescence at 69°. 


Here again concentration after partial fractionation did not even 
reduce the coagulation-temperature. 

Another point which is brought out most strikingly by these two 
experiments is that in fractionation the rise in coagulation-temperature 
is out of all proportion to the dilution. Thus in Exp. VII. the per- 
centage of proteid after fractionation corresponds to a dilution of the 
original solution of one of egg-white in ten volumes nearly while the 
coagulation-temperature rises 16°. In Exp. VIIL the percentage of 
proteid after fractionation corresponds to a dilution of the original 
solution of one of egg-white in ten volumes nearly while the coagulation- 


temperature rises 12°25°. Probably this would have been still more 


marked if fractionation had been complete at the temperature adopted, 
viz. 72°, for then the rise in coagulation-temperature would have been 
at least 16°25°, while the strength of the solution would hardly have 
been altered, as only a small amount more of proteid would have been 
precipitated on complete fractionation at 72°. Adopting Haycraft and 
Duggan's figures on the effect of dilution, the rise of coagulation- 
temperature in these examples should have been about 9° for an 
alkaline solution or 5° for an acid solution, which was the case in both 
these experiments. 

Haycraft and Duggan finally give an experiment which they 
consider confirms the results obtained on dilution:—“ Some egg- 
albumin was diluted with two volumes of water and carefully neu- 
tralized, It was then brought to the same degree of acidity as is 
recommended for fractional coagulation, 1 cubic centimetre of a 2 per 
cent. solution of acetic acid being added to 75 cubic centimetres of the 
albumin. This solution was found to coagulate at 53°C. When diluted 
with one volume of water acidulated to the same degree it coagulated 
at 54°C, With three volumes of water (=1 in 12 sol.) it coagulated at 
58 . With seven volumes of water (=1 in 24 sol.) it coagulated at 
62°C. With fifteen volumes of water (=1 in 48 sol.) it coagulated at 
68°C. It is seen, therefore, that dilution has the effect of raising the 
coagulation point a great many degrees, the more dilute albumin 
requiring a much higher temperature for its separation, This may be 
shown in the most striking manner by heating some of the acidulated 
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water to between 60° and 70 C.; and dropping in some acidulated 
egg · albumin; it dissolves. Now divide the solution into two portions, A 
and B, and heat A to 75°C., and keep B at the original temperature. A 
will coagulate, showing that although in too dilute a solution to 
coagulate below 70°C., it could nevertheless coagulate, provided its 
temperature be raised. B will remain clear, but if more albumin be 
dropped into it a point will be reached at which it will cease to 
dissolve, and then it will separate out in flocculi. Here then, without 
going any further, one has come across an observation which, if it does 
not explain all the facts described under the head of fractional coagula- 
tion, must at any rate account for some of them.” 

I can confirm in the main this striking experiment of Haycraft and 
Duggan; there are some points however which they have failed to note. 
My explanation of the facts observed is different from that of Haycraft 
and Duggan, but before proceeding to give it I will quote some similar 


experiments of my own: 


IX. Egg-white mixed with one and a half volumes of distilled water, 
beaten up, acidified with 2°/, acetic acid, filtered. Two beakers, A and B, 
were taken. In 4, 40 cc, of distilled water were placed, and in B 40 c.c. of 
distilled water + 10 drops of 2% acetic (this is equivalent to about 1 c. c. of 2% 
acetic + 60 c.c. of distilled water), Each was raised to a temperature of 65° C. 
and the above egg-white solution dropped in, thirty drops being added to each 
beaker. 

Beaker A (distilled water), Each drop of the egg-white solution as it 
touched the hot liquid coagulated, and after the addition of only five drops 
the liquid was faintly but distinctly opalescent. After the thirty drops had 
been added, the liquid was markedly and thickly opalescent. 

Beaker B (acidified water). Each drop of the egg-white solution as it 
touched the hot liquid formed a white cloud which quickly dissolved, 
especially on agitating the liquid. After the thirty drops had been added the 
liquid was faintly opalescent, but hardly so much as A after five drops. Some 
of this solution on careful neutralization with weak sodium carbonate gave a 
flocculent precipitate soluble in excess of alkali or acid, but after boiling not 
soluble in acid or alkali. Hence acid-albumin was present, formed by the 
action of the hot acid liquid on the diluted proteid. This solution B became 
more opalescent at 73°5°. 

X. Egg-white mixed with twice its volume of distilled water, beaten up, 
acidified with 2% acetic acid, filtered. This solution became opalescent at 
53°, 

75 c. o. of distilled water acidified with 1 0.0. of 2% acetic acid were placed 
in a beaker, heated to 65° and maintained at this temperature. 
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The above solution of egg-white was then dropped in, seventy-five drops in 
all being added. Each drop as it touched the hot acid liquid formed a white 
cloud which quickly dissolved. After the seventy-five drops had been added 
the liquid was faintly opalescent and gave a comparatively abundant precipi- 
tate of acid-albumin on neutralizing with sodium carbonate. Its temperature 
of increased opalescence was 71° C. 


XI. Egg-white solution prepared as in Exp. X. This solution became 
opalescent at 55-5’. 

100 c.c. of acidified water (75 c.c. H,O + 1 c. c. 2% acetic) were placed in a 
beaker, A, heated to 65° and the temperature maintained at this point. The 
solution of egg-white was then dropped in. After thirty-five drops had been 
added, 7 c.c. of the liquid were removed. The addition of the egg-white 
solution was continued until seventy drops in all had been added. The 
liquid was then faintly opalescent and gave a precipitate of acid-albumin on 
neutralizing with sodium carbonate. The temperature of increased opalescence 
was 68°5°; diluted with two volumes of water opalescence occurred at 69°. 

The portion removed after the addition of thirty-five drops was also 
heated to determine its temperature of opalescence: this was expected at 
about 69° or 70°. Heated to this temperature no opalescence appeared and 
the heating was continued very slowly and gradually. At 71°5° a very faint 
opalescence appeared, which however did not increase until a temperature of 
81·5˙ wus reached, when the opalescence markedly increased and at 83° floc- 
culi separated out. 

Into another beaker, B, 100 c. c. of distilled water were placed, heated to 
65° and maintained at this temperature. The same solution of egg-white was 
then dropped in. Each drop as it touched the hot liquid coagulated, and after 
five drops had been added the liquid was faintly but distinctly opalescent, 
quite as opalescent as A was after the addition of seventy drops. 

The addition of the egg-white solution was continued until thirty drops 
had been added. The liquid was then so thickly opalescent that the bulb of 
the thermometer was invisible. The liquid being allowed to cool, flocculi 
formed and settled to the bottom of the beaker so that filtration was possible, 
the filtrate being quite clear. This filtrate still contained a comparatively 


large amount of proteid and after the addition of a drop of 2% acetic opales- 
cence occurred in it at 67°. 


These three experiments seem to me to be most instructive. 
They show that acid-albumin is readily formed even with faint 
acidification if the acid liquid is in large excess. They show that it is 
because of the formation of acid-albumin that no coagulation appears in 
the hot acid liquid at first until in fact the acid becomes “ used up,” for 
if distilled water be used instead of acidified water every drop of the 
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egg white solution coagulates, at least partially. Moreover with the 
acid water it seems there is only a partial conversion into acid-albumin, 
some coagwfable proteid still being present which coagulates if the 
temperature be raised. I believe that the only explanation which will 
account for all the facts is, not that the coagulation-temperature is 
raised by the dilution, but that egg-white consists of a series of proteids 
having different coagulation-temperatures, that at first perhaps the 
whole of the proteids is converted into acid-albumin, then as the acidity 
is diminished the proteid having the highest coagulation-temperature 
escapes conversion into acid-albumin, then the proteid having the next 
lower coagulation-temperature escapes, and so on until the turn comes 
for the proteid which has a coagulation-temperature lower than the 
temperature of the liquid, when of course flocculi begin to separate out. 
Haycraft and Duggan might very well say,—the formation of acid- 
albumin which takes place really only makes the solution of coagulable 
proteid more dilute than we supposed. But then, using distilled water, 
every drop of egg-white solution coagulates partially at least; there is 
no “latent period” before coagulation commences. In Exp. XI. for 
instance with distilled water there is as much coagulation after the 
addition of five drops of the egg-white solution as there is with the 
acid water after the addition of seventy drops, judging by the amount of 
opalescence, yet the latter certainly contained in solution far more 
coagulable proteid than the former. Moreover in Exp. XI. B, the 
filtrate from the flocculi after the addition of thirty drops of the 
egg-white solution became opalescent at 67°, that is at a temperature 
just above that at which the liquid was maintained. Was not this 
because the proteids coagulating at and below 65° had been precipitated ? 
This solution was a very weak one, thirty drops in 100 c.c., that is about 
1 of egg-white in 153 (I c.c.=15 drops about), and some of this had 
been precipitated: surely if dilution raises the coagulation-temperature 
there should have been no coagulation in this solution, yet it took place 
in a most manifest way, and even after the addition of only five drops 
(= 1 in 900 about) coagulation was quite apparent and it occurred 
at 65°. 

Again in Exp. X. the temperature of opalescence of the liquid was 
71°; this is nearly the same as Corin and Berard’s a-albumin, which is 
72°; in Exp. XI. A, after the addition of thirty-five drops the tempera- 
ture of opalescence of the liquid was 81°5°; after the addition of seventy 
drops 68°5°; Corin and Berard give 82° for their y-albumin and 67° for 
their 8-globulin; in Exp. XI. B, the temperature of opalescence of the 
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filtrate was 67°, the same as Corin and Berard’s g-globulin. Are these 
mere coincidences ? 

I cannot help thinking that these experiments so far from con- 
firming the theory that the phenomena of fractional heat-coagulation 
are due to the effects of dilution, give the strongest possible support to 
the conception that egg-white consists of a mixture of proteids and to 
the validity of Halliburton’s method of fractional heat-coagulation. 

It might be asked, What proof is there that in these experiments 
with acidified water the proteids escape conversion into acid-albumin in 
the order of their coagulation-temperatures from the highest to the 
lowest? I have previously stated that I believe a high coagulation- 
temperature indicates that a proteid is a more stable body than if the 
coagulation-temperature be low; I am inclined to think that the higher 
the coagulation-temperature the more stable is the proteid. Thus 
there is no doubt that the globulins as a whole are more easily con- 
verted into acid-albumin than the albumins and the coagulation-tempe- 
ratures of the globulins as a whole are lower than the albumins. Three 
of the globulins, paramyosinogen, myosinogen, and fibrinogen have the 
exceptionally low coagulation-temperatures of 47°C., 56°C., and 56°C., 
respectively’; these, from the changes which they undergo under 
certain conditions, seem to me to be in a comparatively unstable state, 
and this is indicated by their low coagulation temperatures. Chit- 
tenden and Osborne’ in a recent study of the proteids of the corn or 
maize kernel have obtained some important results. In the first place 
the method of fractional heat-coagulation indicated the presence of 
three globulins coagulating respectively at 62°C., 70°C., and 100°C, 
(the latter only on acidifying). These indications afforded by the 
method of fractional heat-coagulation were confirmed by the separation 
of the three globulins in a pure state by other methods, by the dif- 
ference in their solubilities etc. These ylobulins differed in their 
solubilities in sodium chloride solution, in their percentage composition, 
in their coagulation-temperatures, and in their form, one assuming a 
spheroidal condition. Chittenden and Osborne remark that varia- 
tions inthe amount of globulin dissolved in ten per cent. salt 
solution hardly affected the coagulation-temperature. By the 
action of strong solutions of salt on the globulins insoluble bodies were 
formed, but not to the same extent in each, most was formed from the 
globulin coagulating at 62°C., less from that coagulating at 70° C., and 


1 See tables in Halliburton’s Text-Book of Chem. Physiol. 
2 Amer, Chem. Journ. Vol. XIII. 7 and 8, Vol. Xv. 1. 
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none from that coagulating at 100°C. Here again it seems to me the 
relative stabilities of these globulins are in the order of their coagula- 
tion-temperatures. I believe then that my explanation of the phenomena 
observed in the experiments with acidified water is in harmony with 
other facts. 

I give in conclusion one more observation. Egg-white as every one 
knows becomes solid on boiling. If egg-white be diluted with an equal 
volume of water and heated slowly it never becomes solid below about 
75°C., at this temperature there is a sudden change, the solution 
gelatinizes and can no longer be filtered. If egg-white, diluted with an 
equal volume of water, be heated for an hour or an hour and a half in a 
water bath to a temperature of 72—73°C. and then filtered, a somewhat 
difficult process, the filtrate forms a slightly opalescent liquid which sets 
to a perfectly transparent though slightly opalescent jelly at about 
75 C.. If the filtrate be acidified the usual white, opaque flocculi are 
deposited on heating. The mode of coagulation of the proteids 
coagulating at and above 75°C. (for the jelly can be heated to 100˙ C. 
without change) is thus essentially different from those coagulating 
below 75°C., and here again is additional evidence in favour of the 
white of egg being a mixture. This proteid which forms a jelly at 
75° C. seems to correspond to Corin and Berard’s a-albumin. 

Further, in support of the validity of the method of fractional heat- 
coagulation I would again call attention, as Halliburton has done“, 
to some other facts, viz. that with different animal fluids different results 
are obtained by fractionation. Thus, although in man, monkey, rabbit 
etc, the serum-albumin can be differentiated into three proteids which 
Halliburton has termed a-, B-, and y-serum-albumin, in the horse, ox, 
and sheep only g- and y-serum-albumin seem to be present, while in cold- 
blooded animals such as the toad, frog, etc. a-serum-albumin alone seems 
to be present. Lact-albumin, too, appears to be a single substance and 
not a mixture“. These results seem to me to be of the utmost import- 
ance. If the phenomena of fractionation be due to the effects of dilution, 
why cannot all proteids be fractionated ? 

Finally, I must take exception to one more of the statements made 
by Messrs Haycraft and Duggan :—“ From what has been already said, 


? Perhaps this observation has been forestalled by A. Gautier, Compt. Rend. LXXIX. 
p. 227. 

2 This Journal, Vol. xt. p. 455. 

3 This Journal, Vol. v. p. 159 and Vol. vit. 320; Quart. Journ. Micro. Soc. xxv. 193. 

This Journal, Vol. XI. p. 453. 
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it is obvious that it is a difficult and perhaps a valueless task to 
attempt to determine what may be termed the ‘specific coagulation 
point’ of an albumin. The coagulation point varies with the rapidity of 
heating, with the concentration of the fluid, with its reaction, and with 
the saline substances present. All that one can say is that under such 
and such conditions an albumin coagulates at such a temperature. It 
is probably hardly possible to obtain even two albumins under such 
similar conditions that their coagulation points may with advantage be 
compared. The nearest approach to this would perhaps be to dissolve 
a certain weight, say both of vitellin and another globulin such as serum- 
globulin, in the same volume of salt solution. The coagulation points 
may, in this case, with advantage be compared. But what would be the 
value of the coagulation points so obtained for purposes of comparison 
with serum- or egg-albumin dissolved in water? The coagulation points 
quoted by previous writers cannot be taken in any sense as absolute 
values for the albumins named, modifying conditions having, as a rule, 
been totally disregarded*.” 

I acknowledge that varying conditions do modify the coagulation- 
temperatures of proteids, but I would ask, Are not our physical con- 
stants, boiling-points etc., relative and true only under certain conditions 
which have been previously agreed upon? Would it be possible to 
compare boiling-points unless the substances were in a state of purity 
and under the same barometric pressure? How many conditions are 
necessary for k true comparison of the specific gravity of gases? Four 
at least: the gases must be in a state of purity, they must be free from 
aqueous vapour, they must be at the same temperature, and they must 
be under the same pressure. It is surely a bold statement to say that 
“it is probably hardly possible to obtain even two albumins under such 
similar conditions that their coagulation points may with advantage be 
compared; with regard to the white of egg its temperature of 
opalescence is remarkably constant when diluted with an equal volume 
of water. It would however be a gain, I think, if some standard were 
adopted for comparing the coagulation-temperatures of proteids. I 
would venture to suggest that the coagulation-temperature of each 
proteid should be determined under three or four different “standard ” 
conditions, as (1) in the natural state if this be possible, (2) in a solution 
in distilled water and free from foreign substances, (3) in the same, 
acidified as recommended by Halliburton, (4) in a solution in five per 


\ Proc. Roy. Soc. Ed. p. 397. 


< 
‘ 
‘ 


512 R. T. HEWLETT. 


cent. salt solution; also in (2), (3) and (4) let the solution be of definite 
strength, say four per cent. of proteid. Of course it would not be possible 
in many cases to determine the coagulation- temperature under all these 
conditions, for the globulins for instance only (1) and (4) would be 
available as a rule. This is merely a suggestion and one which probably 
can be much improved. 


General Conclusions. 


The following are the principal points to which I have endeavoured 
to draw attention in this paper: 

1. In determining coagulation-temperatures an oil-bath has some 
advantages over a water-bath. 

2. There is no need to make a distinction between the temperature 
of opalescence and the temperature of coagulation (formation of flocculi). 
Both take place at the same temperature if the rate of heating be suffi- 
ciently slow. 

3. The differences observed in coagulation-temperatures with slow 
and rapid heating are only apparent. 

4. A slow rate of heating is essential for obtaining correct coagula- 
tion-temperatures, especially when a solution is dilute. 

5. Prolonged heating probably does not alter the coagulation-tem- 
perature of a proteid. 

6. Very dilute solutions of a proteid may be prevented from 
coagulating by a comparatively small excess of either acid or alkali. 

7. The phenomena of fractional heat coagulation are not due to 
the effects of dilution for (a) dilution, if the rate of heating be suffi- 
ciently slow, does not raise the coagulation-temperature, (b) in fraction- 
ation the rise in the coagulation-temperature is out of all proportion to 
the dilution. 

8. There can be little doubt that white of egg is a mixture of at 
least three proteids. 

9. It would be advisable to decide upon some standard conditions 
under which to determine coagulation-temperatures. 


I have to thank Prof. Halliburton for kind criticism and assistance 
in many ways during the progress of my work. 
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RESEARCHES ON THE FILLING OF THE HEART. 
By W. TOWNSEND PORTER. (Pls. XVIII., XIX) 


Tux filling of the heart is the result of differences of pressure between 
the great veins, auricle and ventricle. I have sought to determine these 
differences and their relative importance, partly by the comparison of 
synchronous curves of intra-ventricular and intra-auricular pressure, and 
partly by means of the differential manometer. The results thus secured 
have been confirmed, as far as this is possible, by simultaneous measure- 
ments of the minimum pressure in auricle and ventricle with minimum 
mercurial manometers. 


Section I. THE METHODS EMPLOYED AND THEIR LIMITATIONS. 


The animals used were exclusively strong dogs, of from 15 to 30 
kilos in weight. They were narcotized with morphia, receiving half-an- 
hour before the operation an hypodermatic injection of from 6 to 7 cb. 
em. of a 2 p.c. solution of the hydrochlorate. Ether, or a mixture of 
equal parts of ether and chloroform, was administered if signs of pain 
were evident, and the restlessness which most dogs show when the chest 
is opened and artificial respiration begun was controlled with curare, 
from 4 to 7 cb. em. of a solution made by macerating 0°25 gr. in 100 
cb. cm. of distilled water being slowly injected into the vena saphena 
externa about 3 cm. above the malleolus. The curare was in this way 
well mixed with blood before reaching the heart, and as the injection 
was made very slowly, and interrupted from time to time, the injurious 
influence of the drug was lessened as much as possible. Notwithstanding 
these precautions, the results were not always gratifying. No dog died 


from the curare, but the heart, as far as could be judged, was often 


weakened, and after the twelfth experiment, the curare was abandoned, 
and the animals kept under the influence of the ether-chloroform 
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mixture by means of an ether flask inserted in the course of the respira- 
tion tube. 

The pressure in the great veins, auricles, ventricles and aorta was 
recorded with open and with closed chest by gummi and feder mano- 
meter. These were controlled by frequent calibration, and by comparison 
of their records with simultaneous measurements by minimum and 
maximum mercurial manometers. The cavities in which the pressure 
was recorded were connected with these various manometers by means 
of catheters passed down the jugular vein and carotid artery, and by 
canulas placed in a pulmonary vein or in the auricle itself. 

Two gummi manometers and two feder manometers wrote the cardiac 
pressure curves. These instruments have been fully described in the 
Archiv fiir die gesammte Physiologie*. In my experiments, the joints in 
the gummi manometer were replaced by minute sheets of very thin 


aluminium bronze. The gummi manometer used for the right ventricle 


magnified thirty times, that for the auricles forty times. The accuracy 
with which the gummi manometer records changes of pressure within 
the limits required in these experiments is shown by Pl. XVIII. Fig. 1, 
in which is given the graduation scale of the auricular manometer from 
— 10 to + 20 mm. Hg.: the excursions of the lever are almost equal for 
equal increments of pressure. Most manometers, as is well known, fail 
to return accurately to the abscissa axis when the pressure in the mano- 
meter chamber is again that of the atmosphere, and this error may be 
very conspicuous when the magnifying power of the manometer is large. 
This matter is of course of much importance in the auricular pressure 
curve, which is always comparatively close to the abscissa, if the ampli- 
fication is kept within the best limits. In the test of which Pl. XVIII. 
Fig. 1 is the record, the pressure was allowed to remain some time at 
+20 mm. Hg., and the chamber was then put in communication with 
the atmospheric air, and a new line traced on the smoked paper. It 
will be seen that this line falls in the original abscissa axis. 

The graduation of the feder manometer used for the left ventricle is 
given in Pl. XVIII. Fig. 2; a similar instrument registered the aortic 
pressure. These manometers magnified forty times. 


1 This simple means of producing narcosis during artificial respiration has been 
described by me in the Centralblatt fiir Physiologie, 7 November, 1891, Heft 16. 

2 Hürthle. Zur Technik der Untersuchung des Blutdruckes. (Pfliiger’s) Archiv 
J. d. ges. Physiologie. Bd. xu. 1888, S. 416 u. 422. See also Abänderungen am 
Federmanometer und an der Aufs ngsvorrichtung zum Gummimanometer.” (Pfliiger’s) 
Archiv f. d. ges. Physiologie. Bd. xuvi1. 1890, 8. 5. 
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The differential manometer’ was employed to write the difference of 
pressure between the auricle and ventricle. It will be remembered that 
if one chamber of this manometer be connected with the ventricle and 
the other with the auricle, the writing point will rise above“ the abscissa 
when the pressure in the ventricle is greater than the pressure in the 
auricle, and will sink below the abscissa when the pressure in the auricle 
is greater than that in the ventricle. The differential manometer weighs 
the auricular against the ventricular pressure. In order that the effect 
of auricular pressure may be plainly seen in the curve, it is necessary 
that the excursions of the writing point be large. It must in fact 
respond distinctly to a pressure difference of 1 mm. Hg. When this 
degree of sensitiveness is reached however, it is found that the excursion 
of the lever caused by the systolic rise of ventricular pressure is so great 
that it cannot be recorded properly, in short, when the manometer is 
sensitive enough for the auricle, it is too sensitive for the ventricle. 
This difficulty was surmounted by fastening on the spring which trans- 
mits the movements of the balance-rod to the writing lever a piece of 
rubber in such a position that it was compressed between the spring 
and the frame of the instrument when the difference of pressure in the 
two chambers became great. An excessive rise of the lever was in this 
way avoided. The differential manometer previous to an experiment 
must withstand the following tests. First, when both chambers are 
connected with a mercurial manometer by means of a Y tube, and the 
pressure raised from zero to 50 or more mm. Hg., the writing point 
must not move. Second, when either chamber is open, and the pressure 
in the other is raised from zero to say 100 mm. Hg., and lowered again 
to zero, the writing point must return to the abscissa axis, Pl. XVIII. 
Fig. 3 shows the fulfilment of these conditions, 

Many of the auricular curves were taken with a canula tied into a 
pulmonary vein very close to its junction with the auricle. Such curves 
were considered faithful records of the auricular pressure, an assumption 
quite justified by comparison with curves from a canula introduced 
into the auricle through the appendix auricularis. No objection there- 


1 Hirthle. ‘Ein Druckdifferenzmesser.” (Pfliiger’s) Archiv f. d. ges. Physiologie. 
Bd. xurx, 1891, S. 45. Per the tenting of 
means of an artificial scheme, etc., see Hürthle, Ueber den Semil hl 


Verhandlungen d. ten Congresses f. innere Medicin, 1890, S. 490. 

2 Whether the lever rises above or falls below the abscissa axis depends on which 
chamber is connected with the ventricle; in my experiments the instrument was so 
arranged that the writing point rose above when the ventricular exceeded the auricular 
pressure. 
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fore can be made to the use of a pulmonary vein very close to the 
auricle, instead of the auricle itself. The advantage of working with a 
closed pericardium and uninjured heart is sufficiently obvious. The 
canula for the pulmonary vein was of thin-walled glass 
tubing, bent near the end to a convenient angle. The 
neck was as large as the vein near its junction with 
the auricle would hold. A still larger canula was used for 
the auricular appendix. The manometers, catheters and 
canulas were entirely filled with a 25 p.c. solution of 
magnesium sulphate, and difficulty from the clotting of 
blood was seldom experienced. 

The movements of the auricular appendix were regis- 
tered by a Marey’s tambour, placed opposite a window in 
the chest wall, and pulled upon by a thread fastened 
to the appendix with a weak serrefine. A rubber tube 
connected this tambour with the tambour-a-levier. 

One of the minimum-maximum valves inserted between 
the cardiac catheters and the mercurial manometers used 
in the control experiments is shown in the accompanying 
drawing’, The outer tube was 9°5 cm. long, and for the 
greater part of its length 1°5 cm. internal diameter. The 
inner tube was 6˙5 cm. long and 3 mm. internal diameter. One end 
was inclined obliquely to the axis and very carefully ground. Here 
the lumen quickly diminished to 1 mm. The small aperture was 
covered with a little flap of thin rubber. The valve was very sensitive 
and yet sufficiently strong. 

The cardiac catheters were of brass, nickel-plated. Two were single 
and one was a double catheter. 


Their dimensions were as follows: 


Length Calibre Fenestrum 
lst single catheter 27 om. 3°5 mm. 4* I mm. 
2nd single catheter 27 „ 30 „ end open 
Double catheter: 
Ventricular tube 24°3 „ 2°5 mm. (at 
upper end) 
Aortic tube 175 ,, 


The double catheter was employed only when the pressure in the 
ventricle and in the aorta was simultaneously recorded. The rubber 


1 Compare Hürthle. Ein Maximum- und Minimum-Quecksilbermanometer.” 
(Pfliiger’s) Archiv f. d. ges. Physiologie. Bd. Xun. 1888, S. 426. 
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tubes connecting the catheters to the manometer had a calibre of 2 to 
3 mm. and walls of about the same thickness. The distance from the 
end of the catheter in the heart to the chamber of the manometer was 
between 30 and 40 centimeters. 

Rolleston' and Roy and Adami’, in their interesting publications 
on the endocardial pressure, reject the cardiac catheter as a means of 
communication between the heart and the manometer. Roy and 
Adami say: “The manometer might be connected with the ventricle 
by means of a tube passed down the carotid, but the friction of the 
fluid in a narrow tube of the required length would introduce a serious 
source of error.” And Rolleston writes: “The friction through a 
narrow tube is less of course in the case of a large animal like the 
horse than in observations in which dogs or rabbits are used. In the 
case of these latter animals it seemed absolutely essential to connect 
the heart with the recording instrument by some other method which 
is free from the objections above stated.” These objections are evi- 
dently based upon results gained with the Roy manometer, and are per- 
haps not intended to be of general application. In the Roy manometer 
the friction between the piston, the oil on which it rests and the walls 
of the manometer chamber is certainly greater than in the gummi 
manometer and feder manometer. The displacement of fluid for a 
given change of pressure is also greater in Roy’s instrument. The 
authors themselves state that control experiments with the mano- 
meter “show that the moving parts of it are prevented from showing 
inertia vibrations owing to the friction between the piston and the 
walls of the tube in which it oscillates®.” When the loss from these 
various sources is added to the loss from friction in the carotid catheter 
and connecting tube, it may well be that the total effect introduces an 
error in the curves. That the fault lies in the catheter and tubes, I 
can by no means concede. Probably the best opinion in such a matter 
is to be gained by an examination of the curves, for the conditions 
affecting the record of intra-cardiac pressure are unfortunately very 
complex, and criticism is perhaps more safely grounded on the curve 
itself than on the d priori consideration of single factors, such for = 


Rolleston. ‘Observations on the endocardial pressure curve.” The Journal of 
Physiology, Vol. p. 288. 


* Roy and Adami. Heart-beat and pulse- wave. Practitioner, London, Feb. to 
July, 1890, p. 162. 


Roy and Adami. I. c. p. 166. 
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example as the length and calibre of the tubes’, It is shown on a 
subsequent page that the very quick fall in ventricular pressure at the 
close of systole is faithfully rendered by the apparatus used by me, and 
the ability to record large and quick changes of pressure is in itself a 
sufficient assurance that apparatus of the dimensions given above does 
not introduce an appreciable error in the result. 

Care was taken to have the heart as near as might be on a level 
with the recording manometers, but as an exact determination of the 
position of the catheter in the heart is not possible, it follows that some 
inaccuracy in the abscissa axis is unavoidable. The probable amount 
of the error was thus estimated. The auricular manometer was joined 
to a cardiac catheter passed into the right auricle immediately after the 
death of the dog, and the auricle brought as nearly as possible on a 
level with the chamber of the manometer. The lever of the mano- 
meter was now allowed to write an abscissa. The table on which the 
dog lay was then lowered 6 cm., and a second abscissa written. The 
second line was 1, 5 mm. below the first. An excursion of 1, 5 mm. by 
the writing point of this manometer corresponds to a pressure difference 
of 4,5mm. Hg. Thus an error of 6cm. in the height of the dog would 
cause an error of 4, 5mm. Hg. in the position of the abscissa axis. 
With the ventricular manometer, the same error of 6 cm. in the height 
of the animal would cause an error of 1, 3 mm. Hg., and the abscissa 
would be 0, 13 mm. from its true position. The error in the height of 
the dog was probably never more than 4 cm., and usually of course 
much less, so that the error in the ventricular abscissa can be neglected, 
while that in the auricular abscissa probably at no time exceeded 1 mm. 
linear measure, equal to about 3mm. Hg. 

The manometers and the tubes connecting them with the heart 
were filled, as has been stated, with a solution of magnesium sulphate. 
The use of a practically incompressible fluid as a medium of transmission, 
it need hardly be said, is open to one objection: once set in motion, the 
fluid column extending from the ventricle to the manometer may con- 
tinue to move after the original force has ceased to act upon it. The 
degree of this inertia is known to be proportional to the mass, and the 
square of the velocity of the fluid. In a properly constructed mano- 
meter, the mass of fluid that enters the manometer for a given increase 
in pressure is the smallest practicable. The practicable limit is reached 


1 See Mach. Ueber die Gesetze des Mitschwingens.” Sitzungsberichte d. x. Akad. 
d. Miss. zu Wien, Math.-naturwiss. Cl. Bd. xuvt1. II. Abth., 1863, 8. 33, 
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somewhat before this mass becomes so small that its movements are 
appreciably affected by the friction of the lever joint, the weight of the 
lever, and above all the friction of the writing point against the smoked 
paper. Near this limit, such a manometer will record almost perfectly 
changes of pressure whose duration is not too short. The auricular 
curve for example is rendered with apparent faithfulness by the feder 
and the gummi manometer. If however the changes of pressure are 
large and quick, as in the ventricle, the fluid column acquires such a 
velocity that inertia errors creep in. The degree of this inertia must of 
course be carefully estimated, if we would draw correct conclusions from 
the intra-ventricular pressure curve. 

Inertia errors (Schlenderung) can be in part done away with, as 
Hiirthle has pointed out, by increasing the friction of the fluid and 
thus diminishing its velocity. This may be effected by turning a cock 
placed between the chamber of the manometer and the tube leading to 
the cardiac catheter. The result of this procedure is well shown in Pl. 
XVIII. fig. 4. It is plain that the degree of this damping (Dämpfung) 
determines the correctness of the ventricular curve in respect of height ; 
if the manometer is too little damped the upstroke will rise above the 
maximum intra-ventricular pressure, if over-damped, the upstroke will 
be lower than the maximum intra-ventricular pressure’. The first 
curves in fig. 4 are too little damped, the last two are over-damped; 
the height of the curve marked æ is probably correct. 

In order to determine the correct height of the upstroke for a 
given pressure, the ventricular catheter was connected by means of 
a Y tube with a feder manometer and a maximum mercurial mano- 
meter. It may be objected that we are here endeavouring to 
measure the extent of inertia in one manometer with another mano- 
meter which is itself notorious for errors from this source. A 
moment’s reflection however shows that the minimum-maximum valve 
is a protection against inertia errors in the minimum and maximum 
readings. When the ventricle is first put in communication with the 
maximum manometer, the successive beats drive the mercury rapidly 
upwards, But with each beat after the first, the force which acts on 
the manometer is not the whole intra-ventricular pressure, but only 

that portion of it which is left after subtracting the pressure of the 
| column of mercury raised by preceding strokes; for not until the 


When the friction in the manometer and connecting tubes is originally sufficiently 
great, as in the Roy manometer, of course no damping will be required. 
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ventricular pressure slightly exceeds the pressure of this column does 
the maximum valve open and re-establish the communication with the 
manometer. This effective remainder becomes less and less as the 
mercurial column approaches the maximum intra-ventricular pressure, 
and the corresponding leaps of the mercury grow slighter and 
slighter until the last upward movement, which is seldom more 
than one or two millimetres. The possible error from this source in 
either the maximum or minimum reading, for what has been said 
applies equally well to the minimum valve, is therefore very slight. 

In Pl. XVIII. fig. 5, a wholly undamped feder manometer and a maxi- 
mum mercurial manometer were connected with a catheter passed into 
the left ventricle. The maximum manometer stood at +150 mm. Hg. 
while the curve drawn at that moment by the feder manometer rose to 
a height of 200 mm. Hg. Evidently the apex of the curve is not true, 
an inertia error of 50 mm. Hg. is present. When the curve of fig. 5 is 
closely examined, a shoulder is seen some distance below the apex, and 
when the distance from this shoulder to the abscissa axis is measured it 
is found to equal 150mm. Hg. In other words, the shoulder is the true 
limit of this upstroke, and the sharp apex is due to inertia. In Pl. 
XVIII. tig. 6, is a series of five consecutive’ ventricular curves taken with 
a somewhat damped feder manometer. During their writing, the maxi- 
mum manometers stood at 125 mm. Hg. The height of the curves, 
measured by the scale in fig. 2, is found to be from 130 to 140 mm. Hg. 
It appears that when the friction of the fluid in the manometer’ and 
connecting tubes is slight, a certain degree of damping is necessary in 
order to render correctly the height of the ventricular upstroke. It 
should be bgrne in mind that this degree of friction may be already 
present in the manometer, and therefore render artificial damping un- 
necessary. The large displacement of fluid in many manometers is also 
an important cause of loss of energy. In Roy’s manometer friction and 
displacement are so great that inertia errors, it is said, are absent from 
the upstroke. | 

In all the cases measured by the above method with feder mano- 
meter and maximum mercurial manometer, the curve of intra-ventricular 
pressure had a well-marked peak. It would nevertheless be going too 
far to say that the normal ventricular curve is always peaked. What 


1 The first was unfortunately separated from the others at a time when I purposed 
showing only one curve, hence the break in the figure. 

2 The friction and the inertia in the moving parts of the improved feder and gummi 
manometers are so slight that they may be neglected. 
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we can safely conclude is that the peak usually seen on the ventricular 
curve is due only in part to inertia, even in curves taken with the most 
sensitive, undamped manometers. 

The so-called “outflow notch,” the depression appearing between 
the summit of the upstroke and the beginning of relaxation, is still 
believed by many to be an artificial production. The method described 
above shows that an outflow notch occurs in curves sufficiently damped 
to exclude an error in the height of the upstroke. The outflow 
notch of such curves cannot be due to after vibrations, for their 
periodicity is different. v. Frey’ and Krehl refer the outflow notch to a 
fault in the position of the catheter. In truth a slight alteration in the 
position of the catheter sometimes changes the form of the curve in a 
very remarkable way. Pl. XVIII. fig. 11, is an instance of this. While this 
curve was writing, the catheter was steadied as usual between my thumb 
and forefinger, but so slight was the change of position that I did not 
notice a movement which transforms the curve. It should be noted 
that this curve is from the right ventricle, and that the difficulty of 
placing the catheter in a correct position is much greater in the right 
than in the left ventricle. Certainly the notch is not always a prominent 
feature; it is indeed often poorly marked, or even absent; but I cannot 
think its presence abnormal in cases where every care was taken with 
the position of the catheter, and where inertia error in the height of the 
upstroke was excluded by simultaneous measurement with a maximum 
manometer. A notched plateau should not exclude a curve, as abnormal. 

Surprise may be felt that this long and perhaps wearisome dis- 
cussion should find a place in a work on the filling of the heart. It 
shall be shown on a subsequent page that the filling of the heart is by 
no means a purely diastolic theme, and there are other reasons of the 
greatest weight for fixing the correct height of the upstroke. The 
absence of an inertia error in the height of the upstroke is everywhere 
taken as the first evidence of a correct curve. A curve showing a large 
degree of inertia in the upstroke is at once distrusted. No one, so far 
as I know, has hitherto observed that in respect of the record of intra- 
ventricular negative pressure, an upstroke of correct height is the first 
evidence of a false curve. The height of the upstroke and the depth 
of the negative pressure cannot be correctly given in the same curve. 
The truth of this statement will be immediately shown. 


v. Frey and Krehl. ‘‘ Untersuchungen über den Puls.” Archiv fiir (Anat. u.) 
Physiologie, 1890, 8. 38. 
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It has just been said that the advantage gained by damping in 
rendering the height of the upstroke is secured at the cost of a serious 
error in other parts of the curve. The changes of pressure in the 
ventricle are so quick that many manometers, for example the mercurial 
manometer, fail to record them because unable to follow such rapid 
variations. The feder and the gummi manometers, when used un- 
damped, record even the quick changes with a fidelity marred only by 
the above-mentioned inertia. Damping however alters the case. The 
inertia error in the height of the upstroke indeed disappears, but a very 
rapid rise or fall of pressure is no longer correctly written. This 
failure of the moderately damped’ manometer to record excessively 
quick changes detracts practically at only two points from the value of 
its curves. The systolic rise of ventricular pressure and the fall that 
accompanies the relaxation of the ventricle at the close of systole are 
usually so rapid that the damped manometer cannot follow them 
exactly. The manometer that gives the height of the upstroke correctly, 
distorts its form. The form of the upstroke however has nothing to do 
with the question in hand. We must turn at once to the sub-abscissal 
curve. Damping is the cause of the gradual disappearance of negative 
pressure in the curves of Pl. XVIII. fig. 4. The correct rendering of this 
part of the curve requires that the manometer be only very slightly 
damped. Those apparatuses whose internal friction or displacement of 
fluid is so great that errors in the height of the upstroke are slight or 
wanting cannot write the sub-abscissal curve correctly. I have controlled 
the undamped feder manometer with a minimum mercurial manometer 
in a long series of experiments, and have found that any negative pres- 
sure recorded by the latter was also recorded by the former. But the 
undamped manometer exposes us to the danger of inertia, and we must 
now endeavour to determine how much of the sub-abscissal curve is due 
to inertia, and how much represents the actual negative pressure. 

This may be readily done by the simultaneous use of a feder 
manometer and a minimum mercurial manometer. Analogy with 
the upstroke might lead us to expect that the inertia (Schlenderung) 
in the downstroke would be considerable, and it is somewhat surprising 
that with the slightly damped feder manometer the error in the depth of 


that portion of the curve which lies below the abscissa axis is so slight 


that it may ordinarily be neglected. In support of this statement, I 
present Pl. XVIII. figs. 7 and 8. In figure 7, the minimum mercurial 


1 Sufficiently damped to overcome inertia in the height of the upstroke. 


| 


THE FILLING OF THE HEART. 523 


manometer indicated an absence of negative pressure, and the simul- 
taneous tracing with the wholly undamped feder manometer shows a 
curve that touches the abscissa axis but does not go below it. That 
inertia is present in the upstroke of at least one of these curves, namely, 
curve A, was determined by a maximal manometer reading, which 
gave 127 mm. Hg., while the upstroke ascends to 170 mm. Hg. 
In fig. 8 are tracings synchronous with four minimal readings. These 
readings gave — 20, —25, — 39, —58 mm. Hg. for A, B, C and D 
respectively, and when the curves are measured, a close agreement is 
found between their record and that of the minimum manometer. 

From the above-mentioned facts concerning the writing of the 
upstroke and the downstroke of the intra-ventricular pressure curve, 
may be drawn the following conclusions: 

1. The intra-ventricular pressure curve is usually peaked, and a 
depression frequently separates the peak from that portion of the curve 
which immediately precedes relaxation. 

2. Only manometers whose friction and displacement of fluid is 
very small can record the ventricular negative pressure correctly. 

3. The undamped feder manometer may be trusted to show the 
presence and approximately the amount of a negative intra-ventricular 
pressure. 

4. Correctness in the height of the upstroke is gained at the cost 
of errors in the downstroke, which are of especial importance in those 


cases in which a considerable negative pressure is developed in the 
ventricle. 


Section II. THE FILLING OF THE AURICLE. 


The two most recent studies of the intra-auricular pressure are 
those of Fredericq and of v. Frey and Krehl. The results obtained 
by these authors are for the most part fundamentally different. A 
description of the intra-auricular curve should therefore precede the 
discussion of the manner in which the auricle is filled. 

The curve of intra-auricular pressure consists of : 


The systolic rise, corresponding to the contraction of the auricle. 

The Ist diastolic fall, corresponding to the relaxation of the auricle. 

The 1st diastolic rise, from near the beginning of ventricular systole 
to the opening of the semilunar valves. 

The 2nd diastolic fall, from the opening of the semilunar valves to 
near the beginning of ventricular relaxation. 


88 


» 
* 

N 

* 

4 


524 W. TOWNSEND PORTER. 


E. The 2nd diastolic rise, from the end of the 2nd diastolic fall to the 
beginning of ventricular relaxation. 

F. The 3rd diastolic fall, during some portion of ventricular relaxation. 

G. The pause, from the third diastolic fall to the next systolic rise. 


F 
283486 
Curve of intra- auricular pressure, taken June 30 with a large canula in the auricular 
4. Systolic rise. 1. Beginning of auricular systole’. 
“A.B. Ist diastolic fall. 2. Beginning of ventricular systole. 
B.C. 1st diastolic rise. 3. Opening of semilunar valves. 
C.D. 2nd diastolic fall. 5. Beginning of ventricular downstroke. 
E. 2nd diastolic rise. 6. End of ventricular downstroke. 


F. 8rd diastolic fall. 
G. Pause. 


In studying the effect of intra- auricular pressure changes upon the 
filling of the auricle, it should first be determined whether the flow 
from the great veins into that cavity is continuous or intermittent. 
Three times in the course of the auricular curve the pressure shows 
a positive elevation. It will readily be granted that the systolic 
elevation is produced by the contraction of the auricle. It is no less 
certain that the Ist diastolic rise is also not of venous origin. It is in 
fact caused by the systole of the ventricle, for when the ventricle 
is inhibited through stimulation of the vagus the first diastolic rise 
is absent (Pl. XIX. figs. 21, 22, 23). Concerning the second diastolic rise 
some doubt may be felt. Two influences are at work here: the venous 
inflow following the comparatively deep fall in auricular pressure which 
immediately precedes the second diastolic rise, and the upward move- 
ment of the closed auriculo-ventricular valves shown by Roy and Adami 
to take place near the close of ventricular contraction. During the last 
moments of ventricular contraction, the closed auriculo-ventricular valves 
are pushed towards the auricle by the still high intra-ventricular pressure. 
This necessarily diminishes the auricular cavity and thus increases the 
intra-auricular pressure. These two factors, the venous inflow and the 
upward movement of the cardiac diaphragm’, act together in the 


1 Determined by comparison with a simultaneously recorded curve of ieee 


* Tahal use this term as short expression for that part of the iculo-ventricul 
septum which is formed by the closed auricul tricular valves. 
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production of the second diastolic rise. To estimate accurately their 
relative influence seems to me a hopeless task in the present state 
of our technique, because the pressure quantities involved are so small 
that they fall very near, or perhaps within, the limits of errors of 
observation. 

It follows from the origin of the systolic and the first diastolic rise 
that the auricular pressure at these moments is higher than the 
pressure in the contiguous veins. If this be true, the venous inflow 
must at these times cease. With regard to the second diastolic rise, 
we may not speak with confidence. 

The periods of falling pressure favour the filling of the auricle. 
Turning to the curve on page 524, it is seen that the intra-auricular 
pressure falls three times during diastole. The first diastolic fall 
commences usually a little before the relaxation of the auricle, or at 
least before the relaxation of the auricular appendix (Pl. XVIII. fig. 15). 
Towards the end of this fall auricular events become very complicated, 
for a new factor, the ventricular systole, comes into play. What now 
happens is quite differently stated by Chauveau and Faivre“, Marey’, 
and Fredericq’ on the one hand, and v. Frey and Krehl on the other“. 
According to the former, the first diastolic fall is interrupted by the 
first diastolic rise: according to the latter, the first diastolic rise does 
not exist. Léon Fredericq, with whose auricular curves my own 
agree very closely, speaks of the diastolic rise as “Une ondulation 
positive be correspondant au début de la systole ventriculaire et à 
la projection brusque du cdété de l’oreillette, des valvules auriculo- 
ventriculaires. Cette ondulation, ainsi que les suivantes, se montre 
encore aprés suppression de la systole auriculaire.” In the curves of v. 
Frey and Krehl, the primary (systolic) rise is followed by a deep 
depression, similar to the depression in Pl. XIX. fig. 24, and nothing 
corresponding to the elevation described by Marey, Fredericq and 
myself is to be seen. 

As this first diastolic rise is intimately connected with the interpre- 
tation of the first and second diastolic fall, it should be carefully 
examined. The auricular pressure falls at the close of auricular systole 


1 Chauveauet Faivre. Nouvelles recherches expérimentales sur les mouvements 
et les bruits normaux du cour, envisagés au point de vue de la physiologie médicale.” 
Gazette Médicale de Paris. III“ série, t. XI. 1856, p. 410. 

2 Marey. Physiologie médicale de la circulation du sang, 1863, p. 79. 

* Fredericq. “La pulsation du cwur chez le chien.” Archives de Biologie, t. vut. 
1888, p. 576. 

v. Frey and Krehl, I. c. p. 55, fig. 18, and text. 
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because the venous inflow does not keep pace with the relaxation of the 
auricle. When the ventricle is kept quiet by stimulation of the vagus, 
this first diastolic fall is long and deep (Pl. XIX. figs. 21, 22, 23); but 
when the ventricle is active, the fall is speedily stopped by the first 
diastolic rise. The above-mentioned figures distinctly show that the 
auricular pressure ceases to fall sooner when the ventricle is in action, 
than when it lies relaxed under the inhibition of the vagus. For these 
reasons, I cannot believe that the first diastolic rise is the result merely 
of the inflow from the great veins, but must ascribe it for the most part 
to the rise of pressure in the ventricle pushing the cardiac diaphragm 
towards the auricle, and this diminishing the capacity of that cavity. 

The first diastolic rise is sometimes very slight or even wanting. 
The reason is easily found. The relaxation of the auricle may continue 
to the beginning of the second diastolic fall (Pl. XVIII. figs. 14 and 15), 
and may overcome for a time the influence of the venous inflow and 
the rising ventricular pressure. In this case, the first diastolic rise will 
not appear in the auricular curve, for the second diastolic fall will then 
form a more or less direct continuation of the first, as in Pl. XIX. 
fig. 24. This however is not the typical curve“, for in every dog but 
this one, the curves were of the form described on page 524. 

The second diastolic fall, the most remarkable and interesting 
feature of the auricular curve, begins with the opening of the semi- 
lunar valves. This is well shown in Pl. XIX. fig. 22, where the second 
diastolic fall begins at the same moment as the rise of pressure in the 
aorta. In Pl. XIX. fig. 25 B, the opening of the semilunar valves“ is 
seen by comparison with auricular curves in other figures, for example 
Pl. XVIIL fig. 13, to agree with the beginning of the second diastolic 
fall. Only one explanation of this sudden fall has been suggested. 
Chauveau and Marey’ write: L’examen du cour à nu, sur l’animal 
vivant, a démontré & l'un de nous“ que la base des ventricules, du droit 
principalement, s’abaisse vers la pointe de l’organe pendant l'état 


1 This curve was taken with a gummi manometer which differed from that used for the 
other experiments in having an extremely delicate membrane, so that slight differences in 
pressure produced large excursions of the writing point. I suspect that the manometer 
under these conditions did not give a perfectly trustworthy record. At all events this was 
the only occasion on which the blending of the Ist and 2nd diastolic fall was present. 
In many of the curves from this same dog the two are separated by a distinct notch. 

2 See the description of this figure, p. 553. 

3 Chauveauet Marey. “Appareils et expériences cardiographiques,” Mémoires de 
V Académie de Médecine, 1863, t. XXVI. p. 313. 

* Chauveau and Faivre, l.c. p. 410. 
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systolique. La valvule tricuspide étant relevée & ce moment, et entrainée 
avec le ventricule, il en résulte que le plancher de la cavité auriculaire 
s'abaisse sensiblement ; ce qui tend & agrandir cette cavité. Les traces 
cardiographiques démontrent que les choses se passent réellement ainsi. 
—On y voit, en effet, la courbe auriculaire s’abaisser brusquement im- 
médiatement aprés la petite élévation (a) produite par la début de la 
systole ventriculaire ; et cet abaissement ne cesse qu’au moment ou le 
relachement ventriculaire est tout à fait accompli. Cependant le sang 
continue, pendant que cet abaissement se produit, & couler régulitrement 
des veines dans l'oreillette, et ce serait ainsi une élévation de la courbe 
que l'on devrait constater si la cavité auriculaire ne s'agrandissait pas 
par le mécanisme qui vient d’étre indiqué.” Fredericq’ is in full 
accord with these views of Chauveau and Marey. He calls the 
second diastolic fall, “ Un vrai pouls négatif et correspondant au reste de 
la systole ventriculaire, & la projection de l'ondée ventriculaire dans 
laorte et dans l’artére pulmonaire.” 

Both Chauveau and Marey and Fredericq say that the second 
diastolic fall continues from the opening of the semilunar valves to the 
end of ventricular systole. This has not been my observation. I have 
taken the bottom of the dicrotic notch as marking approximately the close 
of ventricular systole. As shown in Pl. XIX. figs. 22 and 25, this point 
is synchronous with a point in the upper third of the ventricular down- 
stroke. Study of the simultaneous auricular and aortic curves makes it 
clear that the second diastolic fall gives way to a rise some time before 
the relaxation of the ventricle takes place. This fact appears against 
the hypothesis of Chauveau and Marey, but it is not necessary to 
suppose that the effect of the alleged abaissement of the auriculo- 
ventricular septum need continue as long as the septum remains in its 
new position, The sudden fall in auricular pressure which such a 
movement would cause would soon be compensated by the inflow from 
the great veins. Hence the pressure might rise again before the close 
of ventricular systole, which is in fact what happens. 

There exists however in the hypothesis of Chauveau and Marey 
an omission of fundamental importance. The auricle is not a chamber 
with rigid walls and a movable floor, and a movemeat of the auriculo- 
ventricular septum towards the apex of the ventricle would not neces- 
sarily lower the pressure in the auricle. 

An entirely different explanation of the second diastolic fall is not 


1 Fredericq, L. c. p. 576. 
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without probability. Almost half a century ago, Purkinje’, Nega’ 
and some of their contemporaries, saw in the contraction of the 
papillary muscles an effective cause of the emptying of the ventricle. 
Purkinje did not believe that the cavity of the ventricle is obliterated 
by the contraction of the ventricular muscle. The wall of the con- 
tracted ventricle, be taught, serves as a fixed point from which the 
papillary muscles pull on the hollow cone formed by the closed 
auriculo-ventricular valves, and widen its sides in the direction of the 
ventricle. The bulging of the hollow cone into the ventricle increases 
the pressure there, and drives the remaining contents of the ventricle 
into the aorta. At the same time, the pressure in the auricle sinks, 
because the hollow cone, as it enlarges, draws into itself part of the 
auricular contents. In this last sentence, I see an explanation of the 
second diastolic fall. 

The beautiful experiments of Roy and Adami lend strength to 
this hypothesis. The curves referred by these authors to the con- 
tractions of the papillary muscles were obtained with a lever moved by 
a wire hooked over the edge of one of the mitral flaps. The lever 
therefore recorded the movements of the mitral flap. These movements, 
it should be remarked, cannot correspond exactly to the contraction 
and relaxation of the musculi papillares, as the authors assume. If the 
pull of these muscles on the auriculo-ventricular flaps is of such a 
strength that it exactly equals the difference in pressure between 
auricle and ventricle, the flaps will not move in either direction. As 
Roy and Adami point out, the first effect of the contraction of the 
ventricular muscle, the papillary muscles not yet contracting [or con- 
tracting feebly, P.], is to push the cardiac diaphragm towards the 
auricle. The reverse movement does not, as it appears to me, express 
the beginning of the contraction of the musculi papillares, but marks 
the moment when the pull of these muscles exceeds the counter-effect 
of the intra-ventricular pressure. In like manner, the fall of Roy and 
Adami's curve near the end of systole indicates the moment when in 
consequence of the diminishing pull of the papillary muscles the 
influence which they exert on the cardiac diaphragm is less than 
the influence of the intra-ventricular pressure, and does not mark the 
moment of their relaxation. Variations in this curve are not to be 


1 Purkinje. ‘‘ Ueber die Saugkraft des Herzens, u. s. w.“ Verhandl. der Schlesischen 
Gesellschaft fiir vaterliindischen Cultur, 1843, 8. 157—164, 

2 Nega. Beiträge zur Kenntniss der Funktion der Atrioventrikularklappen des 
Herzens, u. s. w.“ Habilitationsschrift. Breslau, 1852, S. 18. 
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referred alone to variations in the contractions of the papillary muscles, 
but also to changes in the ventricular or auricular pressure. It may 
be that the difference in time between the beginning of the contraction 
and relaxation of the papillary muscles and the corresponding move- 
ments of the cardiac diaphragm is so short as to be safely neglected. 
How true this is we have no means of knowing. Certainly the 
difference is slight, but even slight differences are of importance in 
the study of the rapidly changing intra-ventricular pressure. 

When the auricular curves of my experiments are compared with 
Roy and Adami’s curve of the movements of the cardiac diaphragm, 
it appears that the beginning of the auricular second diastolic fall 
is synchronous with the beginning of the movement of the cardiac 
diaphragm towards the ventricle, or, as Purkinje would have said, 
with the deepening of the hollow cone formed by the closed auriculo- 
ventricular valves, This synchronism is not always exact, and indeed 
could not be exact, for the comparison is made between curves from 
different hearts. That so close a degree of synchronism should exhibit 
itself notwithstanding this difficulty is significant. The end of the 
second diastolic fall does not correspond with the point set by Roy 
and Adami for the beginning of the relaxation of the papillary muscles, 
or, as I take it, the return of the cardiac diaphragm towards the 
auricle, but is always somewhat earlier. That it should be so is easy 
to understand. The auricle is not a manometer; whatever influence 
may be exerted upon it by the ventricle is modified by the great veins. 
The enlargement of the auricular cavity by the sinking of the cardiac 
diaphragm causes a fall in the auricular pressure, but this fall is soon 
obliterated by blood from the great veins filling the increased auricular 
space. The fact that the auricular second diastolic fall comes to an 
end before the relaxation of the papillary muscles is therefore no 
evidence that it is not caused by the contraction of these muscles, 

It is to be observed that the effect of a depression of the cardiac 
diaphragm is probably very different from that produced by a lowering 
of the whole auriculo-ventricular septum. In the former case, the 
auricle resembles a gummi manometer; its general outlines remain 
unchanged, or at most are little changed, while a part of one side is 
suddenly drawn outwards. It is as if the membrane of the mano- 
meter were suddenly plucked; the cavity is inevitably widened. But 
when the entire auriculo-ventricular septum is lowered, the remaining 
walls of the auricle do not retain their position, but the whole yielding 
chamber changes its form; yet does not necessarily increase its volume. 
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A decision between the hypothesis suggested above and that of 
Chauveau and Marey can be reached only by the study of simul- 
taneously recorded curves of auricular and ventricular pressure and the 
movements of the auriculo-ventricular valves, and such material is not 
at present in my possession. 

It might be thought that the second diastolic fall could be ex- 
plained by the theory of Moens“, but even if the negative pressure 
described by this observer actually existed, it could not be the cause 
of the second diastolic fall. For this fall begins with the opening of 
the semi-lunar valves, and is often finished before the blood-pressure in 
the aorta has begun to sink (Pl. XIX. fig. 22). Moens himself is careful 
to say that his negative pressure cannot affect the filling of the heart. 
„Anstatt zur Füllung der Kammerhöhle beizutragen, macht der negative 
Druck das Fiillen der Kammerhéhle aus dem Atrium heraus unméglich” 
(p. 531). 

The pressure in the auricle rises again at the end of the second 
diastolic fall, partly because of the inflow from the veins, and partly, if 
Roy and Adami's theory be accepted, because the ventricular pressure 
is now greater than the pull of the papillary muscles on the cardiac 
diaphragm. To this second diastolic rise succeeds the third diastolic 
fall. The ventricle at this time is rapidly relaxing, the intra-ventricular 
pressure is falling swiftly, but the auricular pressure is often little 
affected. 

We have considered thus far the presence and cause of the eleva- 
tions and depressions in that part of the auricular curve extending 
from the beginning of auricular systole to the beginning of the pause 
common to both auricle and ventricle. It has been shown that in all 
probability little blood enters the auricle during the rising pressures of 
this part of the curve. The auricle is therefore filled chiefly by the 
falling pressures in this period, and by the pressure difference during 
the common pause. The relative value of these factors in the filling 
of the auricle should now be examined. 

The auricular pressure during the common pause rises very slightly, 
yet sufficiently to indicate a steady movement of blood from the veins 
into the auricle. But the quantity received during the common pause 
is, in many cases, not of much importance. For, as will be shown in 
the next paragraphs, the common pause may be absent in the very 


1 Moens. “Der erste Wellengipfel in dem absteigenden Schenkel der Pulscurve.” 
(Pfiiger’s) Archiv J. d. ges. Physiologie. Bd. xx. 1879, 8. 517. 
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frequent heart. The auricle then may be filled during ventricular 
systole, 

The principal fall of auricular pressure during ventricular systole, 
that is, the chief agent in the filling of the auricle in the frequent 
heart, is the second diastolic fall, and especial attention should there- 
fore be given to the relation between this fall and the length of the 
common pause, Concerning this relation, it should be determined 
whether an increase in the frequency of the dog’s heart is gained 
chiefly by a shortening of diastole, and whether the duration of the 
second diastolic fall remains unchanged as the frequency of the beat 
increases. If the duration of ventricular systole is little changed by 
an increase in the frequency of the heart, the duration of the second 
diastolic fall, which is probably caused by the systole of the ventricle, 
should also be little changed. 

That an increase in the frequency of the heart is gained chiefly by 
a shortening of diastole is a very general opinion. The following table, 
showing the relative length of systole and diastole in the dog, gives 
the averages from twelve sets of measurements made in eight different 
hearts. Only such curves were used as seemed correctly drawn, and 
in each case this selection embraced a number of successive curves, and 
not an isolated beat here and there. 


Table comparing the Duration of the Systole and Diastole of the Left 
Ventricle in the Dog. 


Junel O] 180 | 0°32 sec. | O18 sec. | 0-14 sec 79 mm. 
15| 100 0-60 „ 0-24 „ 0°36 „ 98 „ | The duration 
15; 111 0-54 „ 0-21 ,, 0-33 _,, 40 ,, | of diastole is 
26; 207 | 0-29 „ 0-21 „ 0-08 „ 88 „ measured 
30; 212 | 0-28 „ . 98 „ [from the point 
30 — 0-35 „ 0-19 „ 0-16 „ 91 „ where the 


22] 91| 066. „ 029 „ | 037 „ 107 „ next ventricu- 
22 118 O51 ,, | 028 „ | 0-23 „ 107 „ lar upstroke. 


Fre- Duration of Speed of | 
Date (dency paper per Remarks. 
min. Cardiac cycle Systole Diastole 
17 0:37 „ 015 „98 „ | cuts the ab- 
22 109 „ „ inne scissa to the 
24 118 051 „ 0-29 „ 0-32 „ | 105 „ 
1891, 
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In 11 of the 12 examples the smoked paper revolved with great 
speed. The probable error in the measurements, as far as I can de- 
termine, is not more than ;}, sec. In six animals, the duration of 
systole lay between 0°17 and 0°24 sec. inclusive, while the diastole 
fell from 0°36 to 0°08 sec., and the frequency rose from 100 to 212. 
This constancy in the duration of systole is still more striking in the 
experiment July 22, in which the same heart showed a variation in 
frequency of from 55 to 118, while the variation in systole was only 
from 0°28 to 0°30 sec. The agreement between cases 11 and 12, two 
different individuals, is worthy of notice. If the figures in the table 
are expressed graphically, we have the following diagram. 


1 2 3 a ok 7 8 9 10 11 12 
240 ! 
200 

160 
120 
— 
: AA: 


Upper unbroken line: frequency. 

Lower unbroken line: duration of systole ... in ,}, seconds. 
Line of dashes : ” ” cardiac cycle ” ” 

Line of dots : ” „ diastole ” ” 


The ordinate numbers refer to the cases in the table; the abscissa numbers indicate for 
the upper unbroken line beats per minute, for the three lower lines 199 seconds. 


These lines show that in the dog the duration of systole was the 
same, or nearly the same, in eight individuals, and that in these cases 
variations in the length of the cardiac cycle, corresponding to an 
increase or diminution in frequency, were accomplished chiefly by 
means of a diminution or an increase in the duration of diastole. This 
shortening of the common pause as the frequency of the heart in- 
creases may be so extreme that the auricular systole occurs before the 
ventricle is completely relaxed. 
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In the experiment June 26, the frequency of the heart-beat during 
long periods was over 200 in the minute. Pl. XIX. fig. 26 gives the 
simultaneous record of the contraction of the auricular appendix, and the 
pressure in the auricle, ventricle and aorta. It will be noted that the 
auricle begins to contract before the ventricle is fairly relaxed. There 
is no common pause. In this heart, the auricular diastole was very 
much shortened, but the duration of the second diastolic fall was 
relatively unchanged. 

The facts just stated permit the following conclusion. In an in- 
frequent heart, the quantity of blood that will flow into the auricle 
during the second diastolic fall is not large in comparison with that 
which will enter the auricle during the entire auricular diastole, be- 
cause the duration of the second diastolic fall is, under these circum- 
stances, relatively short. In a frequent heart, the whole diastole 
diminishes, while the duration of the second diastolic fall may be 
little changed. The importance of the latter in the filling of the auricle 
grows with the increase in frequency. 

When the quantitative relations of the auricular curve are studied, 
very interesting results come to light. The values for the curve on 
page 524 are as follows’: 


Systolic rise , : 9 mm. Hg. 
first diastolic rise ; 5 
second diastolic fall . 10 
second diastolic rise . ‘ 5 
third diastolic fall OF 


In my observation, the variation in auricular pressure is slight, not 
exceeding as a rule 20 mm. Hg. The rise caused by auricular systole 
is rarely more than 5 mm. Hg. Such negative pressure as is present 
in the auricle, and the negative pressure is always inconsiderable in 
this chamber, is shown in either the second or the third diastolic fall, 
or in both, but the second diastolic fall is commonly more marked than 
the third. It frequently happens that the only negative pressure in 
the auricular curve is that of the second diastolic fall; in other words, 
the pressure in the auricle is often negative in the period of greatest 
ventricular pressure, and positive in the period of lowest ventricular 
pressure. The auricular pressure is often positive when the pressure in 
the ventricle is negative to an extreme degree. 

Among the conclusions reached in this section, the following may be 
emphasized : 


1 In each case the distance from the abscissa is given. 
PH. XIII. 35 
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1. The flow from the veins into the auricle is intermittent, ceasing 
during the systolic and the first diastolic rise. 

2. The second diastolic fall is caused by the contraction of the 
ventricle, and not by the relaxation of the auricle. 

3. The second diastolic fall is an important factor in the filling of 
the auricle, and its importance grows with an increase in the frequency 
of the heart. 

4. The negative pressure in the ventricle has little effect upon the 
pressure in the auricle. 


Section III. THE FILLING OF IHE VENTRICLE. 


At the very beginning of the effort to determine how the ventricle 
is filled, two questions present themselves: first, When do the auriculo- 
ventricular valves open and close? and second, Does the blood flow 
from the auricle into the ventricle throughout the entire ventricular 
diastole ? 

The auriculo-ventricular valves will open when the pressure in the 
auricle exceeds that in the ventricle, and will close when these con- 
ditions are reversed. It might be thought that the moment when the 
pressure in one of these chambers is greater than in the other could be 
found by measuring the height of the respective ordinates from the 
abscissa, but this is far from easy. The ventricular manometer does 
not, and should not, give large excursions of its writing point for small 
differences of pressure, and thus the ventricular curve may be a milli- 
meter of mercury above or below its true position, and the error yet 
fall within the limits of errors of observation; on the other hand, the 
auricular curve is subject to a slight error from the difficulty of fixing 
its abscissa, as explained on page 518. So the comparison between 
auricular and ventricular ordinates during diastole may fail to reveal 
a difference of say 0°5 mm. Hg., or perhaps even 1 mm. Hg., and this 
small difference, we may suppose, is quite sufficient to maintain the 
diastolic stream. During auricular systole and the interval between it 
and ventricular systole, accurate comparison is still more difficult. It 
seems impossible to decide by direct measurement of ordinates whether 
or not blood flows into the ventricle during this interval. 

Another method must be used if we would find a trustworthy 
answer to these questions, and a suitable method is fortunately in 
our possession. The differential manometer is admirably adapted to 
this purpose. The writing point of the differential manometer, the 
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reader may be reminded, touches the abscissa when the pressure in the 
two chambers of the manometer is equal. If one of these chambers 
be connected with the ventricle and the other with the auricle, the 
curve will be above the abscissa as long as the ventricular is greater 
than the auricular pressure, and below the abscissa as long as the 
auricular is greater than the ventricular pressure’, When the pressure 
in ventricle and auricle is equal, the writing point will touch the 
abscissa. 

Pl. XIX. fig. 25 shows a curve of the difference of pressure between 
auricle and ventricle. Compare this curve with the synchronous curve 
of intra-ventricular pressure. The ventricular curve falls below the ab- 
scissa before the pressure in auricle and ventricle is equal. An instant 
later, the auriculo-ventricular valves must open and permit the auricular 
stream to resume its flow. From this point until after the ventricular 
systole has begun, the differential curve remains beneath the abscissa 
and blood flows into the ventricle. The difference of pressure is greatest 
in the first part of this period, less in the next following part, greater 
again during the systole of the auricle, and finally somewhat less during 
the relaxation of the auricle. The auricular systole affects the curve 
but little. The ventricular systole begins before the differential curve 
crosses the abscissa. During the very earliest portion of ventricular 
systole therefore, the pressure in the auricle is still slightly greater than 
in the ventricle. Hence the auriculo-ventricular valves do not close 
until after the commencement of ventricular systole. 

The idea that the auricular systole closes the auriculo-ventricular 
valves was first made prominent by an experiment of A. Baumgarten“. 
Having tied the aorta, cut away part of the auricle, and filled the heart 
with water, Baumgarten suddenly directed a column of water about a 
foot high against the auriculo-ventricular opening. So schliesst sich 
im Moment, wo der Strahl aufhört zu wirken, die Klappe durch 
Ineinanderlegen der Ränder so fest, dass man das Herz umkehren 
kann, ohne dass ein Tropfen ausfliesst” (p. 467). The conditions here 
differ widely from the conditions present in the living, normal heart. 
In Baumgarten's experiment, water ceases to enter the ventricle when 
the resistance of the ventricular wall to further extension equals the 
pressure of the column of water. His conclusion, that the elastic reac- 


1 See note 2, page 515. 

? Baumgarten, Ueber den Mechanismus, durch welchen die venösen Herzklappen 
geschlossen werden. (Miiller’s) Archiv fiir Anatomie, Physiologie und wissenschaftliche 
Medicin, 1843, S. 463. 
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tion of the distended ventricle now causes a movement of the contents 
towards the auriculo-ventricular orifice, is a possible explanation of 
what may take place in the excised heart, but is not a satisfactory 
explanation of the effective cause of the closure of the valves in the 
normal heart. For the tension produced in Baumgarten’s experiment 
is certainly much in excess of that in the normal heart. The ventricle 
accommodates itself easily to greater or smaller quantities of blood’, and 
is, as far as our knowledge goes, normally never full in the sense of 
opposing considerable resistance to further dilatation. For this reason 
the change of pressure produced by the normal tension of the ventricle 
is probably unimportant. 

L. Krehl’ also holds that the valves are already closed when the 
contraction of the ventricle begins. “Die Atrioventrikularklappen 
sind geschlossen, wenn die Contraction der Ventrikel beginnt; das 
kann man mit Sicherheit behaupten, da sich am gesunden Herzen eine 
Regurgitation von Blut aus den Kammern in die Vorhéfe nicht nach- 
weisen lässt, wenn man mit dem Manometer den Ablauf des Blutdrucks 
in den Vorhöfen untersucht. Eine solche müsste aber eintreten wenn 
die Klappen erst zur Zeit des Systolenbeginns geschlossen würden, weil 
dann das Blut, welches sich auf der Vorhofseite der Klappen zwischen 
denselben befindet, zurückgeworfen würde (page 289). Krehl is thus 
driven to the auricular systole to account for the closure of the valves, 
and gives an explanation not essentially different from that of Baum- 
garten. The premise on which Krehl’s view rests is that the 
auricular pressure does not rise with the beginning of ventricular 
systole. This is certainly not true for all cases. The researches of 
Chauveau and Marey, Fredericq and myself seem to show conclu- 
sively that the earliest moments of ventricular systole are usually 
accompanied by a rise of pressure in the auricle, and I have suggested, 
on page 526, an explanation of the occasional absence of this auricular 
7 first diastolic rise. It is however not necessary to interpret this auri- 
i: cular rise, as Krehl would have done had he found it, by a regur- 
1 gitation of the contents of the ventricle. There is evidence that the 
auriculo-ventricular valves, already closed by an excess of ventricular 
hh pressure over that in the auricle, are driven upwards by the rising 
| ventricular pressure, and thus increase the pressure in the auricle. 
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“i 1 v. Frey and Krehl, I. e. p. 46: ‘‘Es ist in der That erstaunlich, welche verschiedenen 
a Fiillungsgraden sich die schlaffe Herzkammer ohne grosse Span inderung anpasst. 
L. Krehl. Die Mechanik der Tricuspidalklappe.” Archiv fur (Anat. u.) Physio- 
logie, 1889, S. 289 — 294. 
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The hypothesis of Baumgarten and Krehl is not, in my opinion, 
a necessary explanation of the phenomena observed in the living heart, 
and it is directly contradicted by the testimony of the differential 
manometer. 

It is sometimes urged that the pressure in the angle between the 
mitral flaps and the ventricular wall becomes higher at the close of 
auricular systole than the pressure elsewhere in the ventricle. Con- 
cerning this, it should be remarked that the ventricular catheter 
attached to the differential manometer lay close beneath the semilunar 
valves, and was often in the very place where the hypothetical high 
pressure beneath the mitral flap should be most evident. Assuredly 
the flap will not close until the pressure here is higher than that in 
the auricle. But, in my observation, it did not become higher until 
ventricular systole began. The curves of the differential manometer 
accordingly are proof, subject of course to errors of experiment, that the 
auriculo-ventricular valves in the cases where this manometer was used 
were not closed until after the commencement of ventricular-systole 
(Pl. XIX. fig. 25). 

The difference of pressure that shall close the valves may have 
another origin. As the semilunar valves close when the pressure in 
the relaxing ventricle falls below the aortic pressure, so the auriculo- 
ventricular valves may be shut by the relaxing auricle when its 
dilatation has made the auricular less than the ventricular pressure. 
I have no experimental proof of this. In my experiments, which how- 
ever are too few for general conclusions to be safely drawn from them, 
blood flowed into the ventricle from the opening of the auriculo- 
ventricular valves to that moment in ventricular systole when the 
pressure in the ventricle rose above that in the auricle. 

Most physiologists agree that a negative pressure is sometimes 
present in the ventricle, but there exists great difference of opinion as 
to the time when this negative pressure appears. It is urged on the 
one hand, that the negative pressure is diastolic: on the other, that it 
is systolic. The latter view originated with Moens. The theory of 
Moens demands careful examination, because a systolic negative 
pressure in the ventricle would not influence the intra-auricular 
pressure, and it has been pointed out, and the fact will presently be 
supported by additional evidence, that an extreme intra-ventricular 
negative pressure may co-exist with a positive pressure in the auricle. 

Moens'’ attached to a tube a caoutchouc bag, whose static negative 


1 Moens, I. c. 
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pressure was compensated, and whose cavity communicated with a 
minimum mercurial manometer. When the bag was filled with water, 
and compressed strongly, a negative pressure of 8 cm. Hg. appeared ; 
when the bag was compressed gently, the mercurial column was not 


Ballon entstandene negative Druck verursacht, dass die wenige Flüs- 
sigkeit, welche noch in seiner Höhle zurückgeblieben ist, ebenfalls in 
die Röhre getrieben wird; die innern Wandungen des Ballons liegen 
jetzt aufeinander und werden sogar in Folge des negativen Druckes fest 
aneinander gepresst. Der negative Druck verliert sich jedoch bald 
durch die hierdurch verbrauchte Arbeit, und die Dauer ist deshalb nur 
sehr kurz. — Genau dasselbe muss in der Herzkammer nach dem Ent- 
leeren ihres Inhaltes Statt finden.“ Concerning the moment in the 
cardiac cycle at which this negative pressure appears, the author re- 
marks (page 530): “Goltz und Gaule halten also den von ihnen 
gefundenen negativen Druck fiir eine Folge der grossen saugenden Kraft 
der Ventrikelwand. Die hierdurch entstandene negative Welle wird 
sich durch das Atrium hindurch bis in die grossen venösen Stämme 
verbreiten müssen und hier wahrgenommen werden. Zur Messung des 
dabei in der Vena cava entstandenen negativen Druckes, wurde bei 
einem Hunde eine mit einem Minimalmanometer verbundene Caniile in 
die Vena jugularis geführt und deren offnes Ende bis in die Vena cava 
superior hinein geschoben. Der Thorax war geöffnet und die Respira- 
tion wurde künstlich unterhalten. Trotz der starken Herzschläge sank 
das Niveau des Manometers nicht (dieser Versuch wurde mit gleichem 
Erfolg mit zwei Hunden angestellt): ein Beweis also dass kein Auf- 
saugen der Flussigkeit durch den rechten Ventrikel Statt fand, obgleich 
man nach Goltz und Gaule einen negativen Druck von — 17,2 mm. 
Quecksilber in diesem Ventrikel voraussetzen könnte.— Die Gleichheit 
zwischen rechtem und linkem Ventrikel berechtigt uns zur Anwendung 
dieses Ergebnisses auch auf letztern. 

„Aus dem hier angeführten Experimente ergibt sich unmittelbar, 
dass der von Goltz und Gaule in den Ventrikeln vorgefundene nega- 
tive Druck nicht während der Diastole der Herzkammer Statt 
gefunden haben kann: folglich muss er während der Kammer- 
systole auftreten und lässt sich nur aus der Fortbewegung 
des Blutes aus den Kammern in die grossen Schlagadern 
erklären.“ 

To the argument of Moens may be replied: (1) There may have 
been no ventricular negative pressure in these dogs at the time of his 
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observations. The intra-cardiac positive pressure may be great, and the 
action of the heart vigorous, and yet no negative pressure be present 
(see Pl. XVIII. figs. 6 and 7 a, and measurements with the minimum 
mercurial manometer, July 17, 24, 29 and 31, in the table, page 542). 
(2) A great negative pressure may have existed in the ventricle not- 
withstanding the absence of negative pressure in the auricle and great 
veins (see experiments of June 30 and July 28, page 542). (3) A slight 
negative pressure may have been found in the auricle and great veins 
and yet not be related to the ventricular negative pressure. The auri- 
cular 2nd diastojic fall, which takes place at the very summit of 
intra-ventricular pressure, may carry the intra-auricular pressure be- 
neath that of the atmosphere, while the 3rd diastolic fall, which takes 
place as the ventricle relaxes, may not drop below the abscissa (Pl. 
XVIII. figs. 13, 17 and Pl. XIX. fig. 19). (4) The systolic ventricular 
negative pressure according to Moens is of sufficient duration to draw 
from the ventricle the last drops in its cavity (“Der Ventrikel wird 
also durch die Systole vollkommen geleert,” page 531), and should 
therefore be capable of sucking a few cubic millimetres from the open 
end of a cardiac catheter lying just beneath the aortic valves, thus 
greatly reducing the pressure in the manometer; but the pressure 
during the last portion of ventricular systole is always high, and neither 
in the ventricle nor in the aorta have I been able to find any great or 
sudden fall of pressure at this time. De Jager’ observed a minimum 
aortic pressure, just above the valves of +130 mm. Hg., while the 
pressure in the ventricle at almost the same time was — 36 mm. Hg. 

For these reasons I am unable to accept the hypothesis of Moens, 
and must conclude that the ventricular negative pressure occurs after 
systole is over. 

The time in diastole at which negative pressure begins is differently 
stated by different authors. Marey*, Goltz and Gaule*® and De 
Jager“ conclude that the pressure becomes negative at the beginning 
of ventricular relaxation. 

Rolleston® says: “The line of descent from D to E [i.e. from the 

1 De Jager. Ueber die Saugkraft des Herzens.“ (Pfliiger’s) Archiv f. d. ges. 
Physiologie, Bd. xxx. 1883, S. 503, 

* Marey. La circulation du sang, 1881, p. 119, vide post-systolique,” and p. 717, 
“‘vacuité post-systolique.” See also Travaux du Laboratoire, 1875, p. 79; and Physiologie 
médicale de la circulation du sang, 1863, p. 98. 

Goltz and Gaule. Ueber die Druckverhiltnisse im Innern des Herzens. (Pfliiger’s) 
Archiv f. d. ges. Physiologie. Bd. xvu. 1878, 8. 118. 

De Jager, I. c. p. 506. 

® Rolleston, I. c. p. 251. 
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beginning of relaxation to the lowest point in the sub-abscissal curve. 
W. T. P.] is not so rapid as would be the case if the negative pressure 
took place at the very commencement of the expansion of the ventri- 
cular muscle, I cannot assume therefore that it necessarily takes place 
before any blood has entered the ventricle through the auriculo-ventri- 
cular orifice.” On page 252, Rolleston suggests: “That the elastic 
expansion of the ventricle lasts longer than appears to have been 
assumed by Goltz and Gaule, and that it may continue after the blood 
in the auricle at the moment of cessation of ventricular systole has 
entered the ventricle. This theory would assume that the negative 
pressure would appear also in the auricle, and that it is due in fact to 
the quantity of blood in the auricle and in the terminal trunk of the 
pulmonary veins not being sufficient to distend the left ventricle to the 
point at which its suction action ceases.” 

The idea of Rolleston is accepted by Roy and Adami’. The 
negative pressure, according to these authors, “occurs at a phase of 
diastole during which the flow of blood through the auriculo- ventricular 
orifices (if indeed it be not arrested) is slower than during the first 
phase of diastole, when, although the suction power is presumably 
greater, it is unable to produce negative pressure owing to the inflow of 
blood which has collected in the auricle during the ventricular systole.” 

v. Frey and Krehl’ speak of a “Saugung” which immediately 
follows systole, ie. schliesst sich der positiven Druckschwankung 
unmittelbar an,” and of an occasional later negative variation of ven- 
tricular pressure, far removed in point of time from the primary relaxa- 
tion of the ventricle. 

My own results show that a negative pressure may appear in the 
ventricle at two different moments in diastole: first, a very rapid, 
frequently great negative pressure, accompanying a quick relaxation of 
the ventricle, and entirely or in great part disappearing before the 
auriculo-ventricular stream begins to flow; second, a negative pressure 
of longer duration, beginning at an early period of relaxation, and 
extending a variable distance into the diastole (Pl. XVIII. fig. 17). In 
addition, I have observed in one experiment a negative variation 
appearing late in diastole (Pl. XIX. fig. 20). 

The existence of a negative pressure prior to the commencement of 
the auriculo-ventricular stream is suggested only because it explains 
why a profound intra-ventricular negative pressure has often so little 


Roy and Adami, I. c. p. 169. 
? v. Frey and Krehl, I. c. pp. 42 and 44, 
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influence on the intra-auricular pressure. That a positive pressure in 
the auricle may in truth co-exist with an extreme negative pressure in 
the ventricle is conclusively shown by the simultaneous curves of intra- 
ventricular and intra-auricular pressure, but additional evidence will be 
welcomed, This evidence was secured by using Goltz and Gaule’s 
method in combination with gummi and feder manometers. In these 
control tests, the minimum or the maximum valve was connected some- 
times with the auricle, sometimes with the ventricle, but more often one 
valve with each cavity at the same time. Usually each cavity was 
united by means of a Y tube with two manometers, a feder or gummi 
manometer and a minimum or maximum manometer. In that manner, 
the minimum or maximum pressure in the auricle and in the ventricle 
was recorded at the same moment by two manometers; in the auricle, 
by the gummi manometer and a minimum or maximum mercurial 
manometer, and in the ventricle, by a feder manometer and a minimum 
or maximum mercurial manometer. In these experiments much care 
was taken to have the surface of the mercury in the manometers as near 
as possible level with the end of the catheter in the heart. The 
sensitiveness of the minimum-maximum valves was placed beyond all 
doubt by frequent tests. The results of the investigations appear in 
the following tables. 


Results obtained with minimum mercurial manometers. 
Chest closed 


Negative pressure in 


r. auricle r. ventricle I. auricle | |. ventricle 
June 23 none none — 12 
30 —3 - 5 
July 111 - 5 — 8 — 6 
20 -—5 — 6 — 6 
21; 2 66 H,O Measured simultaneously with 
two minimum manometers 
27 none Strong animal, breathing quietly 


1 The measurements in all the tables are in millimetres of mercury except where 
otherwise stated. All the dogs had morphia hydrochlorate, average dose 0°13 g. None 
of the animals in this series had been given curare. Only periods of quietest breathing 
were utilized for the measurements. In the experiment July 27th, a catheter was 
introduced into the left ventricle through the left carotid artery and joined by a Y tube to 
the minimum mercurial manometer and the feder manometer. The curve of the latter 
was to all appearances normal; the catheter lay therefore in a good position. Failing to 
get negative pressure, I replaced the minimum valve by another, but without avail. 
Finally the V tube was taken off, and the valve coupled directly to the cardiac catheter, 
but notwithstanding these various procedures no negative pressure was found. 


Date — Remarks! 
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Chest open 


Negative pressure in 


r. ventricle I. auricle I. ventricle 


Remarks 


58 Curare was given to do away with 
voluntary movements. The cor- 
rectness of the manometer was 
proven before and after the ex- 
periment. 

Curare. 

Curare. 

Curare. The pressure in the au- 
ricle was measured immediately 
after that in the ventricle. 

Auricular pressure measured im- 
mediately after the ventricular. 


Simultaneous measurements with 
two minimum manometers. 

Simultaneous record in |. auricle 
and L ventricle. R. auricle mea- 
sured immediately after r. ven- 
tricle, 


Heart irregular, but individual 
beats usually strong. 

Simultaneous measurement. 

Large, strong dog. Heart acting 
vigorously. 

Curves of left ventricular pres- 
sure recorded while the auricu- 
lar measurement was m 
showed about 20 mm. Hg. The 
rubber membrane of the ven- 
tricular minimum manometer 
became loosened during the ex- 


* and its reading was 


» 20 none 
13 none 


* The asterisk indicates that the pulmonary vein close to its * 
was employed instead of the auricle. 


542 
—— 
Date — —— 
r. auricle 
June 3 
„ 30 none 
July 7 —1* 
„ 8 — 20 
„ 10 16 
H,O 
» 14 —8 —6 |-—30* —2 
H,O 
» 101 22 —4 none* | —2 
”? 17 none 
none * - 5 
none 
„ 28 none 
| | 
none 
| none 
| 
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Date Remarks 


July 14 2 110 | Simultaneous measurement. 
> 10 2 150 | Pulmonary vein used instead of 
auricle ; pressure measured im- 
mediately after that of ventricle, 
1 127 


In the foregoing tables is given every experiment made by me after 
the Goltz and Gaule method, and, while errors may have crept in, 
notwithstanding careful manipulation, the number of observations is 
large enough to make the conclusions which I shall draw from them not 
unreasonable. In many of these experiments, as has been said, the 
minimum or maximum mercurial manometers were used in conjunction 
with the gummi or feder manometer, and I found, as might have been 
expected, a close agreement between the two. The results in the tables 
may be thus summarized : 

1. Negative pressure in the left ventricle is sometimes absent, 
often slight, and occasionally great. The minimum mercurial mano- 
meter was used with 15 animals with open chest; in 5 no negative 
pressure could be demonstrated. 

2. With the chest closed, negative pressure was found in the left 
ventricle in 5 cases out of 6. 

3. Negative pressure with open chest was sought and found in the 
right ventricle twice; in these animals, a negative pressure was found 
also in the left ventricle. 

4. Negative pressure in the auricle with open chest is frequently 
absent, and when present is relatively inconsiderable. 

5. The positive pressure in the auricle is low. 

6. A simultaneous record of the pressure in the left ventricle and 
left auricle shows that a high degree of negative pressure may be 
present in the ventricle, while at the same moment no negative 


pressure is present in the auricle. A diagram will make this evident. 


Results obtained with maximum mercurial manometer. 
Chest open 
Maximum pressure in . 
| 
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Diagram of negative pressures in left auricle and left ventricle. 


Chest Open Closed 
1 
i 


Ventricle 2 0 5 200 0 | 


The figures give the length of the ordinates in millimetres, and the negative pressure 
in millimetres of mercury. A dot below a zero is placed where no negative pressure was 
demonstrated. The diagram reads from left to right, the order being the same as in the 
tables on pages 54], 542 and 543. The auricular measurements are synchronous with the 
ventricular measurements over which they are placed. 


The results obtained with Goltz and Gaule’s method confirm ‘has 
we have learned from the intra-cardiac pressure curves: that a deep 
intra-ventricular negative pressure may have little or no influence on 
the intra-auricular pressure, or in other words, on the movement of the 
blood. This observation, to the best of my knowledge, is new. Re- 
garding the work of Moens, Martin and Donaldson! write: “The 
negative pressure proved by Goltz and Gaule to occur in the ventricles 
for a brief period at the end of systole, had already been shown by Moens 
(Pflüger's Archiv, xx., p. 517) not to affect the auricles, and therefore 
to be without effect in making the heart a suction-pump so far as the 
venous system was concerned” (page 2). Goltz and Gaule proved 


1 Martin and Donaldson. Experiments in regard to the supposed ‘suction-pump’ 
action of the mammalian heart.” Studies from the Biological Laboratory of the Johns 
Hopkins University. Vol. rv. Reprint, pp. 1—13. 
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that a negative pressure sometimes occurs in the ventricle, and assumed 
that this negative pressure is diastolic. They did not attempt to 
support this natural assumption with intra-ventricular pressure curves. 
Moens, as quoted on page 538, assumed that a negative pressure was 
present in the right ventricle of the dog with open chest, and then, not 
finding any negative pressure in the right auricle in two dogs, further 
assumed that his (hypothetical) negative pressure was not diastolic, that 
is, was not Goltz and Gaule’s negative pressure, but was systolic, and 
for that reason unable to affect the auricular pressure. He then, 
without further experiment, transferred his observation and his two 
hypotheses to the left heart. Moens proved here but one thing: that in 
two dogs with open chest no negative pressure was present in the right 
auricle during the time of his observation. His failure to find a 
negative pressure in the right auricle in these two instances is no proof 
that the heart may not act as a suction-pump. 

A similar objection applies to the reasoning of Martin and 
Donaldson. The pressure in the right auricle of the isolated heart of 
the dog did not become negative in any of the nine experiments made 
by them. They conclude, “That once the ‘aspiration of the thorax’ has 
been eliminated, the right auricle of the mammalian heart will not receive 
blood unless supplied to it under a decided, if small, positive pressure 
(page 10).” They as well as Moens fail to disprove the “suction- 
pump” action of the ventricle, because they do not demonstrate the 
simultaneous presence of a deep intra-ventricular negative pressure, 
such as was found by Goltz and Gaule with open chest, and a positive 
pressure in the auricle. 

The present research shows that a “suction-pump” action in the 
sense of Goltz and Gaule, that is, a ventricular diastolic fall of pressure 
acting powerfully in emptying the auricle and in favouring the pul- 
monary circulation, does not exist. There is no proof that the negative 
auricular pressures of some of my experiments did not occur during the 
auricular second diastolic fall, in the systole of the ventricle, for it is 
then that the auricular curve usually reaches its lowest point. 

It was suggested on page 540 that the first of the forms of negative 
pressure there mentioned ran its course before the beginning of the 
auriculo-ventricular stream, and that this might explain why the 
negative pressure in the ventricle failed to influence the auricular 
pressure. When the auriculo-ventricular valves are open, we have in 
the heart two cavities partially or completely filled with fluid and 
communicating by a large orifice. Under these conditions, changes of 
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pressure in one of these cavities must be propagated to the other with 
great speed. The feeble systole of the auricle, which raises the intra- 
auricular pressure only 2 or 3mm. Hg., makes its mark on the intra- 
ventricular pressure-curve'. If therefore a great intra- ventricular nega- 
tive pressure were developed at a time when the auriculo-ventricular 
valves are open, a decided effect should be felt in the auricle. It has 
been shown however that the pressure in the ventricle may sink far 
below the atmospheric pressure, while the pressure in the auricle sinks 
at most a few millimetres, and sometimes not at all. The intra- 
ventricular pressure of whatever degree can continue but a short time 
after its cause has ceased to be effective. For the negative pressure is 
obliterated not only by the blood pressure with the heart, but also by 
the atmospheric, extra-cardiac pressure. When in spite of the latter 
the pressure in the ventricle falls below zero, this difference is speedily 
compensated from all sides. That the negative pressure which ac- 
companies relaxation of the ventricle may have a very short duration is 
illustrated in Pl. XVIII. fig. 4. Here the slight delay in recording, caused 
by increased friction when the entrance to the manometer is somewhat 
narrowed, results in the disappearance of negative pressure. It is 
indisputable that the course of negative pressure is sometimes so rapid 
that none but the most sensitive manometers can follow it. We realise 
that the opening of the auriculo-ventricular valves, and the overcoming 
the inertia of the auricular blood, require time, though probably a very 
short time, and it is not unreasonable to suppose that the valve and 
auricular blood, in the case we are considering, cannot follow the very 
rapid fall of ventricular pressure. According to this view, the valves do 
not open the instant ventricular falls below auricular pressure, but a 
moment later. In this brief moment, the first and deeper portion of 
ventricular negative pressure is over, and only the slight remnant works 
upon the auricle through the open valves. This remnant is not suf- 
ficient to markedly affect the auricular pressure. 

1 Rolleston, I. c. p. 242, not finding any presystolic elevation in his ventricular curves, 
goes so far as to say that, ‘‘ The contraction of the auricle in the dog does not cause any 
eminence on the intra-ventricular pressure curve similar to that obtained by other 
observers in the case of the horse.” The presystolic rise can be safely studied only when 
simultaneous curves of auricular and ventricular pressure are recorded from not too rapid 
hearts. I have not been able to find in such curves a reason for denying that the normal 
auricular systole in the dog causes a corresponding rise of pressure in the ventricular curve. 
This rise may be very slight (Pl. XVIII. fig. 15), and is never considerable, because the 
auricular systole has.a value of but a few millimetres of mercury, and hence causes a very 


small elevation of the writing point of the ventricular manometer. Only under abnormal 
conditions has the rise in the ventricular curve been absent (Pl. XVIII. figs. 9¢ and 16). 
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The hypothesis just presented would be stronger if it were the only 
possible explanation of the observed facts. There is however a second 
explanation. The withdrawal of a few cubic millimetres of fluid from 
the chamber of the gummi or feder manometer causes a great fall 
in pressure’. The cavity of the closed and relaxing ventricle need be 
but a few cubic millimetres larger than its contents in order to produce 
a great negative pressure. If this small space were filled by the 
entrance of a few cubic millimetres of blood from the auricle, the 
negative pressure in the ventricle would disappear. The auricle is 
never a closed cavity. On the contrary, it is always in freest communi- 
cation with the great veins. Thus the auricle may give to the ventricle 
the few cubic millimetres necessary to obliterate the pressure in that 
chamber at very little cost to its own pressure. According to this 
hypothesis, the valves might be open, or partially open, during the 
whole period of negative pressure. But according to neither hypothesis 
would the auriculo-ventricular stream begin to flow during this first 
form of negative pressure. 

The value of the second, slower form of negative pressure in . 
filling of the heart will obviously increase with its duration. It becomes 
therefore a matter of much interest to investigate the relation between 
the length of diastole and the duration of negative pressure. The weak 
auricular muscle carries no great loads, and it may be questioned if the 
difference of pressure caused by the auricular systole alone is competent 
to fill the ventricle when the common pause is very short. If however 
the duration of negative pressure be greater in the frequent than in the 
infrequent heart, the filling of the ventricle during diastole will be 
facilitated, and less work will be exacted from the auricle. It is 
desirable to know whether a diminution in the duration of diastole is 
accompanied by an increase in the duration of ventricular negative 
pressure. The following table gives measurements from three hearts, 
selected because the curves seemed trustworthy and because the dif- 
ference in frequency was very considerable. The duration of diastole in 
the comparatively infrequent heart, July 22, is more than three times as 
great as that of the frequent heart, June 30; but the duration of 


1 In an experiment by Hiirthle, (Pfliiger’s) Archiv f. d. ges. Physiologie, Bd. Int. 
1888, S. 409, the entrance of 10 cb. cm. of fluid into the chamber of the gummi manometer 
raised the writing point from zero to a height corresponding to a pressure of 100 mm. Hg. 
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Relation of Negative Pressure to duration of Diastole and of Systole. 


a 


Duration 
Speed of | Frequency Duration Duration 
Date | paper per | of beat per| of of 4 ’ Remarks 
second minute | systole | diastole 


June 30 98 mm. 212 0-168 | 0-112 | 0-041 


July 17 101 mm. 146 0°228 | 0-179 | 0-05 


July 22 107 mm. 92 0°29 | 0°369 | 0038 


6-173 | 0-102 | 0°051 Manometer ve 
0-173 | 0-107 | 0046 slightly dam 
0-173 | 0-112 | 0-051 


0°172 0108 0-047 


0-228 | 0°174 | 0-05 
0-228 | 0°174 | 0-05 Undamped 
0-233 | 0:174 0045 


0-229 0-049 


0-29 | 0-369 | 0-028 
0:29 | 0-360 | 0-028 Undamped 
0-29 | 0-355 | 0-028 


0:29 | 0-363 | 0-030 
| 


ventricular negative pressure is 60 p.c. less in the former than in the 
latter. In the following diagram, A represents the ventricular diastole 
in the experiment, June 30, and A’ the portion of this period during 
which the pressure was negative: B, B’ represent respectively the same 
periods for the experiment, July 22. These measurements are of course 
far too few to be conclusive, and are offered only because it is hoped that 


A 
A’ 


— 


B 


they may perhaps call attention to a question that deserves investigation. 
They show at all events that the duration of negative pressure is not 
necessarily shorter in a very frequent than in a less frequent heart. 

It is no part of my purpose to treat in this paper of the cause of 
ventricular negative pressure, but I cannot avoid pointing out certain 
facts which are not to be explained by an elastic reaction of the ven- 
tricle in the sense of Goltz and Gaule, and which seem to indicate 
that the ventricle during diastole does not play the simple réle of a 
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flaccid sack passively expanded by the auricular stream, but undergoes 
“active” changes in volume, whose cause lies in the ventricular muscle 
itself. 

A negative pressure in the ventricle, it may safely be assumed, 
speedily disappears, provided its direct cause, or causes, do not continue 
to act. It is a fact of extreme interest that with open chest the 
ventricular curve may remain beneath the abscissa a comparatively 
long time; longer, we must think, than should be necessary for the 
obliteration of a negative pressure due to an elastic expansion like that 
suggested by Goltz and Gaule. A notable instance of this long dura- 
tion is seen in Pl. XIX. fig. 20, in which the curve remained th second 
beneath the abscissa. In Pl. XVIII. fig. 17, the sub-abscissal curve lasts 
sth second, and in fig. 13, th second. 

In Pl. XIX. fig. 20, the ventricular curve, already sub-abscissal for 
roth second, falls a second time. In Pl. XVIII. fig. 17, the sub- 
abscissal curve undergoes a variation at 2, whose cause cannot be found 
in the accompanying auricular curve. These phenomena occurred 
throughout long periods and in hearts to all appearance normal. They 
can, in my opinion, be explained only by an active relaxation. 

If it be strictly true that the ventricle in the latter part of diastole 
is simply filled by the auricular stream without in any way modifying 
the inflow by contractions or active relaxations of its walls, the changes 
in ventricular pressure caused by the rise and fall of pressure in the 
auricle should be synchronous with those events. The pressure in both 
cavities should begin to rise at the same time, for the propagation of 
changes in liquid pressure over such short distances is so rapid that it 
may be neglected here, and the rise in the auricular curve at the 
systole of the auricle should be accompanied by a corresponding rise 
in the ventricle. In Pl. X1X. fig. 18, such a coincidence is shown, but 
in Pl. XVIII. figs. 13 and 17, from the same heart, the summit of the 
auricular systolic elevation occurs not during a rise, but during a 
depression in the ventricular curve. Thus the pressure in the ventricle 
may be falling at the very moment it is rising in the auricle, and this 
while the open auriculo-ventricular orifice affords a free communication 
between the two cavities. Chauveau and Marey“ were the first to 
perceive that this pre-systolic fall in ventricular pressure could not be 
explained by a relaxing auricle. They referred the phenomenon to the 
action of the intra-thoracic pressure upon a heart-wall whose tonicity 


1 Chauveau and Marey, I. e. pp. 316 and 317. 
PH, XIII. 36 
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varies from time to time. This explanation does not hold good for the 
open chest. 

v. Frey and Krehl would add still another to this list of facts not 
explainable by Goltz and Gaule’s hypothesis. The sudden fall of 
ventricular pressure at the end of systole is usually followed by a 
slight rise, which speedily gives place to a depression (Pl. XVIII. figs. 
10 and 12). This post-systolic elevation is assuredly not an inertia 
error (Nachschwingung). It has been explained by the inflow of the 
auricular contents’. That this should cause an increase in ventricular 
pressure is easy to understand, but why is this increase followed by a 
fall? Fick’s’ answer to this question is that the rise is the mark of an 
incomplete ventricular systole, the effect of morphium narcosis. To this 
v. Frey and Krehl' reply that although similar forms may be brought 
out by supernumerary (iiberzahlig), premature or abortive contractions, 
it should be noticed that this variation often occurs in every systole with 
extreme regularity and during long periods, while at the same time not 
a trace of supernumerary systolic contractions is found either in aorta 
or in ventricle. Rolleston“ observed the same post-systolic rise, 
although -his animals were not narcotized with morphia, and is of 
opinion that it, “is presumably due to the inertia of the blood, which 
enters the ventricle as the result of the negative pressure, the influence 
of which must be assisted by the cessation of the elastic expansion of 
the ventricle.” 

v. Frey and Krehl 8 that Rolleston's view is reasonable 
enough for the rise itself, but does not explain why the pressure returns 
again towards the abscissa. “ Warum aber der Druck hierauf nochmals 
gegen die Abscissenaxe zurückkehrt, wie in Fig. 10, wäre nur verständ- 
lich durch eine weitere Formveründerung der Kammer, oder unter der 
Annahme, dass die besprochene Drucksteigerung ungleichnamig re- 
flectirt aus den Venen zuriickkime” (p. 45). The authors, failing to 
find any evidence for the latter possibility in the auricle, and never 
having seen the post-systolic rise synchronous with the auricular 
systole, are obliged to exclude an auricular origin, and take refuge in 
an active dilatation of the ventricle. “Es wird also, bis nicht weitere 
Nachweise erbracht sind, am Richtigsten sein, die Druckschwankungen 


1 Marey’s Flot de Voreillette. 

2 Fick. Ueber die Blutdruckschwank im Herzventrikel bei Morphium- 
narcose. Verhandl. d. Congresses f. innere Medicin, 1886, S. 97. 

3 vy. Frey and Krehl, I. c. p. 45. 

* Rolleston, I. c. p. 254. 
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der dritten Periode, als Leistungen der Muskulatur der Kammer 
aufzufassen.“ 

The often extreme regularity of the post-systolic rise, and its 
presence when no morphium is given, are, to my mind, sufficient to 
exclude the explanation of Fick. v. Frey and Krehl’s explanation 
is, in my opinion, the most satisfactory that has yet been offered. 

The principal conclusions concerning the filling of the ventricle may 
be briefly summarized. 

1. In the cases in which the differential manometer was used, 
blood flowed into the ventricle from the opening of the auriculo- 
ventricular valves to that moment in ventricular systole when the 
pressure in the ventricle rose above that in the auricle. In these 
experiments the auriculo-ventricular valves closed during the first 
moments of ventricular systole. 

2. The ventricular negative pressure occurs after ventricular 
systole. There are reasons for distinguishing two forms: the first 
occurring before the auriculo-ventricular stream begins to flow; the 
second, at the same time as, or a little later than the beginning of the 
flow. 

3. The negative pressure in the ventricle, with open chest, fails to 
materially influence the pressure in the auricle. 

4. The duration of negative pressure may be greater in a very 
frequent than in a comparatively infrequent heart. 

5. There are facts which seem to indicate that the ventricle in 
diastole may undergo changes in volume whose cause lies in the 
ventricular muscle itself. | 

I desire to thank Geheimrath Heidenhain for permission to make 
these researches in the Physiological Institute at Breslau; and I wish 


bo especially thank Dr K. Hiirthle, at whose suggestion this work was 


undertaken, and to whose interest and advice I am much indebted. 


DESCRIPTION OF FIGURES IN PLATES XVIII., XIX. 


The curves read from left to right. The time, when given, is in seconds. 
The ordinates were drawn by raising the pressure in the manometers, thus 
causing their levers to describe arcs exactly parallel to those described while 
the kymographion was at rest during the experiment. In the figures contain- 
ing two or more curves simultaneously recorded, the ordinates having identical 
numbers mark synchronous points. The numbers printed after the description 
of each figure refer to the pages of the text on which the figure is mentioned. 
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Pirate XVIII. 


Fig. 1. Graduation scale of the gummi e 
and the pulmonary vein, from 10 to +20 mm. Hg. R denotes the return 
of the writing point to the atmospheric pressure. 514. 

Fig. 2. Graduation scale of the feder manometer used for the left ven- 
tricle, from — 20 to +210 mm. Hg. & denotes the line drawn by the writing 
point on its return from + 210 mm. Hg. to the atmospheric pressure. 514. 

Fig 3. Testing the differential manometer. The upper abscissa was 
drawn at atmospheric pressure, both chambers open. The ventricular chamber 
was then closed, and its pressuf® raised. On removing the pressure, the 
writing point returns to the abscissa. The lower abscissa and ordinates 
illustrate the same test applied to the auricular chamber. The middle line 
is that drawn by the writing point when the pressure in both chambers is 
raised from atmospheric pressure to 50, 100 and 200 mm. Hg., and allowed 
to fall to atmospheric pressure. 515. 

Fig. 4. Pressure in left ventricle ; gradual „ 
Exp. June 30. 519, 522, 546. 

Fig. 5. Left ventricle. July 15. 520. 

Fig. 6. Left ventricle. July 29. 520, 539. 

Fig. 7. Left ventricle. July 29. 522, 539. 

Fig. 8. Left ventricle. July 8. 522, 523. 

Fig. 9. Various forms of |. intraventricular curves ; a, July 17 ; 6, June 
30; c, May 11, dyspnea; d, June 19; e, June 30. 546. 

Fig. 10. Right ventricle. June 19. 550. 

Fig. 11. Right ventricle. July 15. 521. 

Fig. 12. Left ventricle. June 30. 550. 

Fig. 13. Left auricle; left ventricle, 100 mm. =1 second. June 30. 
526, 539, 549. 
Fig. 14. Contractions of lols. appends; pressure in. left pul 
monary vein ; left ventricle. 90 mm. =1 sec. June 15. 526. 

Fig. 15. The same as fig. 14. 97 mm. =1 sec. 525, 526, 546. 

Fig. 16. Left ventricle. June 15. During short period of irregularity, 
following introduction of catheter. 546. 

Fig. 17. Left auricle; left ventricle. 92 mm. 1 sec. June 30. 539, 
540, 549. 


Pirate XIX. 
Fig. 18. Same as fig. 17. 549. 
Fig. 19. Same as fig. 17. 539. 


Fig. 20. Left ventricle. July 15. 540, 549. 


Fig. 21. Left pulmonary vein ; left ventricle ; eee stimulation. 
July 24. 524, 526. 
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Fig. 22. Contractions of left auricular appendix; pressure in left pul- 
monary vein ; left ventricle ; aorta ; during stimulation of the vagus. June 
26. 524, 526, 527, 530. 

Fig. 23. Contractions of left auricular appendix; pressure in left pul- 
monary vein; |. ventricle. June 15. 524, 526. 

Fig. 24. Left auricle; left ventricle. July 24. 525, 526. 

Fig. 25. Contractions of |. auricular appendix ; difference of pressure in 
left pulmonary vein and left ventricle ; left ventricle ; aorta. July 22. 526, 
527, 535, 537. : | 

In this figure is shown the moment of opening and of closing of all the 
valves in the left heart. At the point marked by the second ventricular 
ordinate the pressure in the auricle and ventricle is equal, as indicated by the 
curve of the differential manometer. An instant later the pressure is greater 
in the ventricle than in the auricle, and the auriculo-ventricular valves close. 
The third ventricular ordinate is synchronous with the entrance of blood into 
the aorta, i.e. with the opening of the semilunar valves, The fourth ordinate, 
drawn to the bottom of the dicrotic notch in the aortic curve, may be taken as 
marking the closure of the semilunar valves. Lastly, the fifth ordinate, 
marking the second equalization of pressure in auricle and ventricle, is a close 
approximation of the moment at which the auriculo-ventricular valves open. 

Fig. 26. Movements of left auricular appendix ; pressure in left pul- 
monary vein; left ventricle; aorta (a small clot was found in the aortic 
canula). 81 mm. =1 sec, June 26. 533. 
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ON THE MECHANISM OF THE MOVEMENTS OF THE 
IRIS. By J. N. LANGLEY, MA, F.RS., Trinity College, AvD 
H. K. ANDERSON, M.A, M. B., Caius College, Cambridge. 
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p. 571. 


CONTENTS. 


Introduction. Anesthetics used. 

Theories as to the cause of the dilation of the pupil. 

Alleged proofs of a dilator muscle. 

1. Asserted death of the sphincter before the dilator muscle, 

2. Constriction or dilation of the pupil according to the position of the 
stimulating electrodes. 

3. Local dilation of the pupil. Model to show local dilation due to partial 
inhibition of the sphincter. Irregular forms of pupil which can be 
produced in the cat. 

4. Dilation of the pupil after removal of the sphincter; (notes on the 
effect of varying the pressure in the anterior chamber, and of removal 
of the cornea; causes of the constriction of the pupil which follows 
removal of the cornea; clotting of the aqueous humour; removal of 
the vitreous humour). 

Alleged proofs of the absence of a dilator muscle. 

1. Comparative behaviour of the pupillary and the ciliary portions of the 
iris, (a) to temperature, (5) to electrical stimulation. 

2. Elongation of the excised sphincter on electrical stimulation. 

3. Comparison of latent periods of constriction and dilation of the pupil. 

4. Argument from analogy. 

On the relation between the vascular changes in the iris and the size of the 

pupil. 

1. Turgescence of the blood vessels of the iris. 

2. Contraction of the blood vessels of the iris. 

(a) Simultaneous observation of the size of the pupil and of the condition 
of the blood vessels in some other part of the head than the iris. 

Origin from the spinal cord of the vaso-motor fibres to the iris. 

(6) Simultaneous observation of the size of the pupil and of the condition 
of the blood vessels in the iris in circumstances other than stimula- 
tion of the sympathetic. 

(e) Simultaneous observation of the size of the pupil and of the condition 
of the blood vessels in the iris produced by stimulating the sym- 
pathetic. 
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p. 582. Possible connection between the ciliary muscle and the size of the pupil. 
On the supposed inhibitory action of the sympathetic on the ciliary 
muscle, 

p. 584. Experimental proofs of the existence of a radial contractile substance in the 
iris. 

1. Movement of the iris on the side opposite to local dilation. 

2. Local dilation of the pupil with simultaneous local contraction of the 
sphincter. 

3. Contraction of a radial strip of the iris. 

4. Absence of elasticity from the iris. 

p. 593. On the supposed inhibitory action of the sympathetic on the sphincter iridis. 
Attempt to find inhibitory fibres in the third nerve. 

p. 595. Summary. | 


THE cause of the dilation of the pupil, which is produced by stimu- 
lating the cervical sympathetic, has been a subject of controversy for 
the last fifty years, and there is perhaps more difference of opinion 
on the matter now than there was in the time of Budge and Waller. 

So much has been written on the subject, that it would have been 
far simpler for us to have confined ourselves to giving an account of the 
facts which we are able to add to those previously known; but with a 
subject of such complexity, we could hardly hope to do much towards 
the settlement of the controversy without taking into consideration the 
varied views which have been put forward. We accordingly deal with 
all the facts and arguments of any importance with which we are 
acquainted. 

Anesthetics used. In all our experiments anesthetics were used, 
and primarily chloral for the rabbit, chloroform for the cat, and morphia 
for the dog; after these had taken effect, a mixture of absolute alcohol, 
chloroform and ether was given at intervals with the inspired air. 


THEORIES AS TO THE CAUSE OF THE DILATION OF THE PUPIL. 


In giving a brief summary of the theories which have been, or 
which might be, put forward with any plausibility to explain the 
dilation of the pupil, we shall for the present mention those only which 
deal with dilation produced by stimulating the sympathetic. For this 
lies at the root of the matter, and the view taken as to the dilation 
produced in other ways will necessarily depend upon what is shown to 
be the canse of the sympathetic dilation. The theories to be considered 


Are: — 


4 * — 
— 
A 
5 
* 
5 
a 
A) 
‘ 
e § 
on 
on 
4 
ion 
m- 


556 J. N. LANGLEY AND H. K. ANDERSON. 


1. That dilation is due to the action of the sympathetic vaso- 
constrictor nerves. Griinhagen has perhaps been most concerned in 
bringing this theory into prominence. There are two ways in which 
the contraction of the blood vessels of the iris, induced by the 
vaso-constrictor nerve-fibres, might bring about dilation of the pupil. 

(a) By decreasing the quantity of blood in the iris, so that it 
shrinks. This appears to be the method implied by the upholders of 
the theory. 

(b) By a longitudinal contraction of the radial arteries of the iris; 
this contraction dragging the sphincter outwards. A marked longitu- 
dinal muscular coat bas been described in some animals in the arteries 
of the iris. 

2. That dilation of the pupil is caused by the contraction of radi- 
ally arranged muscular fibres. This view has been taken by Budge, 
Henle and many others. 

3. That dilation of the pupil is caused by inhibition of the sphincter 
muscle. Griinhagen and Samkowy'‘ (1875) stated as a possibility 
that the sympathetic might be an ‘ Erschlaffungsnerv’ of the sphincter, 
but Griinhagen left the matter there, and appears to have adhered to 
the vascular theory. Frangois-Franck* (1880) expressed his opinion, 

though not without reserve, that the sympathetic dilator nerves of the 
iris act in the same manner as the dilator nerves of the vessels, and 
suspend the activity of the constrictor nerves. Gaskell' (1886) more 
definitely put forward the inhibitory theory, and since then it has found 
a good deal of support. The theory of course requires the presence of 
elastic tissue in the iris, which is more or less stretchéd except when the 
pupil is dilated to its full extent. 

It is conceivable that the sphincter should aid in the dilation of the 
pupil by actively elongating, but this view has not, so far as we know, 
been advanced. 

4. It is possible that in certain circumstances, a certain degree of 
dilation of the pupil should be caused by a relaxation of the ciliary 
muscle. By such relaxation the elasticity of part of the ciliary region 


and the anterior part of the choroid would come into play, and ‘pal 
backwards the iris. 


’ Grinhagen u. Samkowy. Arch. f. d. ges. Physiol. x. p. 165, 1875. 
* Frangois-Franck. Travaux de Laboratoire de M. Marey, tv. p. 55, 1880. 


* Gaskell. This Journal vn. p. 38, 1886 and Proc. Physiol. Soc. 1887, p. XXXI. (This 
Journal rx. 1888.) 
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5. Lastly, the dilation of the pupil might be due to the simultaneous 
action of more than one of the above causes. 

On reviewing the evidence which has been brought forward in 
favour of one or other of the above-mentioned theories, we do not find 
that it is in any case conclusive. This, indeed, was to be expected, for 
when opposite opinions are held with equal positiveness by competent 
observers, it is commonly safe to believe, that the opinions are the 
outcome of individual bias acting on inconclusive evidence. We give 
first a critical account of the experimental proofs which have been 
given for and against the existence of a dilator muscle in the iris. 

The histological question we leave for a later paper. We do this 
with the less hesitation, since even if we satisfied ourselves of the 
presence of radial unstriated muscle-fibres in the iris of the cat and dog, 
it would still remain to be shown, that their function is to cause dilation 
of the pupil, and that the sympathetic sends motor fibres to them. As 
Griinhagen has more than once insisted, radial muscle-fibres might 
serve to draw towards the pupil the ciliary part of the iris, provided the 
sphincter muscle, when contracted, were sufficiently strong to serve as a 
fixed point. 


ALLEGED PROOFS OF A DILATOR MUSCLE IN THE IRIS. 


1. Asserted death of the sphincter before the dilator muscle. 
Budge’ (1855) considered that he had shown conclusively that a 
dilator muscle exists. He asserted that soon after general death, the 
sphincter muscle dies, Since, as was found by M, E. Weber, stimula- 
tion of the eye causes dilation for some time after death, Budge 
concluded that the dilation could only be due to a dilator muscle. His 
proof of the death of the sphincter is not very clear, and need not be 
gone into, for it is certain that the sphincter does not die soon after 
general death. Indeed, as Brown-Séquard* (1859) has shown, the 
sphincter can be made to contract one to three days after the death of 
the animal. 

2. Constriction or dilation of the pupil according to the 
position of the stimulating electrodes. Bernstein and Dogiel“ 
found that the pupil of a recently killed animal could be made larger or 
smaller at will by varying the method of stimulating the eye. When 


1 Budge. Ueber die Bewegung der Iris (Braunschweig), 1855, p. 185. 

2? Brown-Séquard. Journ, de la Physiologie T. u. p. 289, 1859. 

Bernstein und Dogiel. Verhandl. d. naturhist.-med. Vereins zu Heidelberg. Bd. 
1v. ii. 1865 and also Bernstein Zeitschrift f. rat. Medicin, Bd. XXIX. p. 35, 1867. 
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two electrodes, connected with the secondary coil of an induction 
machine, were placed opposite one another at the junction of the cornea 


Fra. 2. 


and sclerotic, as in Fig. 1, the pupil dilated. This indeed had been 
previously observed by Budge and others But when four electrodes 
were taken, two from each pole of the secondary coil, and these were 
placed on the cornea above the sphincter edge of the iris in the manner 
given in Fig. 2, a contraction of the pupil was obtained. 

Bernstein and Dogiel argued from the laws of the distribution of 
the electric current that with the one position of the electrodes, the 
current would be such as to stimulate chiefly a radially arranged muscle ; 
and with the other position of the electrodes, the current would be such 
as to stimulate a circularly arranged muscle; and they concluded that a 
radial dilator as well as a circular sphincter muscle must be present. 

On similarly stimulating the eyes of living animals, Bernstein 
and Dogiel found the results to be inconstant, probably on account of 
reflex effects caused by stimulating sensory branches of the fifth 
nerve. 

Engelhardt’ repeated and confirmed the experiments of Bernstein 
and Dogiel, but states that he obtained constant results in living as 
well as in recently killed animals (rabbits and dogs). 

The common occurrence, in the given conditions, of the results just 
mentioned is easy of observation, although in the rabbit the movements 
of the iris are apt to be very sluggish. We do not however find that 
they are constant, the ‘central’ stimulation not infrequently causes 
dilation of the pupil, the ‘peripheral’ stimulation may cause a pre- 
liminary constriction. The conditions which cause these variations, we 
have not been at pains to determine; for the method of experiment is 
not one likely to decide the question of the existence of a radial muscle, 
The difference in the effect of peripheral and central stimulation might 
be explained on either the vaso-motor or on the inhibitory theory. For 
the peripheral stimulation is clearly that which is most adapted to 
cause contraction of the blood vessels of the iris; and for any proof we 


Engelhardt. Unters. a. d. physiol. Lab. in Wiirzburg, Hf. rv. p. 299, 1869. 
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have to the contrary, it may be that which is most adapted to cause 
inhibition of the sphincter muscle. 

3. Local dilation of the pupil. Budge and Waller’ (1852) 
noticed in the rabbit that for a certain time after death, the pupil 
became elliptical when electrodes were placed on opposite sides of 
the edge of the cornea; and if one electrode was moved farther from 
the iris, the pupil was at this electrode less dilated. The elliptical shape 
of the pupil was produced by Engelhardt (op. cit. 1869) on living 
rabbits. 

Hensen and Völkers“ (1868) found local dilation of the pupil on 
stimulating a single ciliary nerve. 

Jessop' (1885) states that in the human eye, if the cornea and 
conjunctiva be dried, and cocaine be placed upon a limited portion of it, 
dilation of the pupil will first take place in the segment adjoining this 
portion. 

J egorow * (1886) found in the dog that stimulation of a single long 
ciliary nerve causes local dilation of the pupil; on section of all save 
one ciliary nerve, the pupil does not contract equally in all parts, and 
then on stimulation of the cervical sympathetic, or of the central end of 
a sensory nerve, a marked local dilation takes place. 

We have made one or two experiments in the manner of Jegorow; 
sometimes obtaining similar results, and sometimes—like Francois - 
Franck—on stimulating a single ciliary nerve obtaining general dilation 
or general constriction. This method of experiment is troublesome, and 
for our ends offers no advantage over that of stimulating the sclerotic, 
so that we did not pursue it further. 

A local dilation of the pupil can be obtained with little trouble by 
placing the stimulating electrodes on the sclerotic. We have usually 
cut through the conjunctiva, so as to make a greater extent of the 
sclerotic accessible. The strength of current required varies a good 
deal; sometimes a weak current is sufficient. A local dilation can be 
obtained by stimulating almost any part of the sclerotic, but as it is 
generally most local when the electrodes are 1 to 2 mm. from the edge 
of the cornea, we have generally stimulated in that region, and have 
placed the electrodes so that they are in a line with a radius of the 
pupil. The maximum dilation is not always exactly in a line with the 


1 Budge et Waller. Comptes Rendus de Acad. d. Sciences, T. xxxrv. p. 164, 1 


? Hensen u. Völkers. Henle’s Jahresbericht 1868, p. 483 (Experimental n 
ii. d. Mechanik der Accommodation. Kiel, 1868). 

* Jessop. Proc. Royal Soc. Vol. XXXVIII. p. 432, 1885. 

* Jegorow. Arch. f. Anat. u. Physiol. (Physiol. Abt) 1886, p. 149. 
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| electrodes, especially when the electrodes are not close to the edge of 
| the sclerotic, this depends no doubt upon the distribution of nerves in 
the sclerotic and choroid. 

| The local dilation is unequally marked in different animals; in the 
| rabbit the dilation is least local; the pupil enlarges more or less 
| considerably, although the part opposite the electrodes dilates more than 


Pia. 3. Fro. 4. Fro. 5. 


Diagrams of local dilation of the pupil caused by local stimulation of the sclerotic. 
: The two dots outside the iris show the position of the stimulating electrodes. The process 
of reproducing the drawings has caused the lower part of the pupil in Fig. 3 to be irregular 
in outline instead of smooth, and to be a trifle too wide, and in Fig. 4 to appear to run to 
a point instead of being rounded. 

the rest; moreover the locally dilated portion is much rounded (ep. Fig. 
3). As a rule too the movement is sluggish. In the cat, the increase 
in the size of the pupil is less, and the locally dilated part is more 
pointed ; since the pupil of the cat is generally large when chloroform 
alone has been given, it is advisable to give morphia also, or to apply 
| | locally a little pilocarpin or eserin. In the dog the local dilation 

| (Fig. 4) is perhaps even better marked than in the cat; in favourable ~ 


. | circumstances, when the electrodes are moved round the edge of the 
1 sclerotic, the iris flows, as it were, after the electrodes; when the pupil 
4 is strongly contracted from morphia, stimulation of the sclerotic 


gives a small pointed dilation (Fig. 5). After. injection of atropin 


into a blood vessel, the local dilation lasts long after the removal 

ay of the stimulus, no doubt in consequence of the diminution in tone of 
13 the sphincter muscle. 

4 We have modified the form of the experiment by stimulating 

* simultaneously different parts of the sclerotic with three or four pairs 


1 of electrodes; in such case there is a local dilation at each, opposite 
be | each spot stimulated, and the pupil takes very irregular forms. We 
— give as illustration Fig. 6, showing successive changes in the pupil of 
1 the cat. The two dots external to the circle indicate the position of 
. | the stimulating electrodes ; (1) shows the normal pupil, (11) on applying 
&§ the first pair of electrodes, (111) on applying a second pair of electrodes, 
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(Iv) on applying a third pair of electrodes; (v) on removing the third 
pair of electrodes to another spot. ; 

A local dilation has been taken without much inquiry as proof of 
the existence of a dilator muscle. It is clear, however, that if a general 
contraction of the blood vessels of the iris could cause a general dilation 


of the pupil, a local contraction of the blood vessels could cause a local 
dilation of the pupil. As regards the inhibitory theory, it has been 
assumed that a local inhibition of the sphincter muscle would cause a 
general, and not a local dilation of the pupil, and the pupil would remain 
round. But the assumption appears to be unfounded. We have 
constructed a model to show this. 

Two concentric circles are drawn on a board, ahd sixteen equidistant 
radii drawn. Holes are made where the radii cut the circles, and pegs 
made to fit the holes. Sixteen india-rubber threads of equal elasticity 
and extensibility represent the radial elastic part of the iris, these at 
one end are fixed to the pegs, and at the other they are fixed, at equal 
distances from one another, to a central india-rubber ring which 
represents the sphincter. With this arrangement the central elastic 
ring forms a regular symmetrical figure whether the pegs are placed in 
the inner or the outer circle. On the inhibitory theory of the move- 
ments of the iris, a portion of the sphincter which is inhibited will be 
more easily extensible. This can be represented on the model by 
making a portion of the central india-rubber ring smaller than the rest ; 
or by substituting for it another, specially made, with a given portion 
(say 1g) of smaller diameter than the rest. In such case, when the pegs 
are put in the holes, and so the central ring stretched, the weaker 
portion of the ring is drawn farther from the centre, and within limits 
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the greater the radial tension the greater the irregularity of the central 
figure. 

A regular, approximately circular (sixteen sided) central figure, can 
be obtained by shifting the central attachments of the radial threads, so 
that they are equidistant in the stretched state of the central ring, but 
this condition does not correspond to anything that can be obtained in 
the iris, for the central attachments of the radially arranged tissue of 
the iris cannot shift along the sphincter edge. 

A certain amount of local dilation of the pupil might, then, 
be produced by a local inhibition of the sphincter muscle. We 
do not think that the irregular forms of the pupil which can in fact be 
produced (cp. above, Fig. 6) are capable of being explained in this way, 
but since the evidence did not promise to be the simple and conclusive 
evidence we were looking for, we have not proceeded further upon these 
lines. 

4. Dilation after removal of the sphincter muscle. Kölliker 
in 1855 gave the results of three experiments on rabbits. The rabbits 
were killed, the cornea removed, and the inner (pupillary) portion of 
the iris cut away. In two of the animals the remaining part of the iris 
was stimulated directly, in the third the cervical sympathetic was 
stimulated; in all three animals there was distinct dilation of the 
artificial pupil. Kölliker satisfied himself by microscopical examina- 
tion that in each case the whole of the sphincter had been removed. 

It is curious how little attention has been paid to these experiments; 
taking them as they are given, they make a very strong case for the 
occurrence of dilation of the pupil apart from inhibition of the sphincter. 
Two objections might be urged against them. It might be said that 
the whole of the sphincter was not removed; it is to be supposed 
that those who adopt the inhibitory theory are of this opinion, but in 
face of Kölliker's statement about it, and of the fact that the sphincter 
in the rabbit is not described by anyone as stretching far from the 
pupillary border, the opinion requires justification. A second objection 
which might be made is that the dilation of the pupil was produced 
mechanically by the projection of the lens. When the cornea is re- 
moved, any pressure on the globe of the eye will cause projection of the 
lens and a widéning of the pupil (unless the sphincter is very strongly 
contracted), and a pressure on the globe of the eye can be produced 
reflexly through the third nerve on direct stimulation of the iris, and 
directly by the smooth muscle of the orbital membrane on stimulation 


1 Kélliker. Zeitsch. f. d. wissensch. Zool. Bd. vi. p. 143, 1855. 
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of the sympathetic. Kölliker does not mention that he was on his 
guard against this source of error. 

In any case, the experiments do not necessarily show the existence 
of a radial muscle, for the results are capable of being explained by a 
shortening of the arteries of the iris. 

We have repeated Kölliker's experiments in various animals; as 
they involve removal of the cornea it will be convenient to give here 
the effects of this removal, and the effects of varying the pressure in the 
anterior chamber. 

Effect of varying the pressure in the anterior chamber of the eye, and 
of removal of the cornea. It has long been known’ that tapping the 
anterior chamber or removal of the cornea causes a narrowing of the 
pupil. 

When the point of a Pravatz syringe is passed through the edge of 
the cornea into the anterior chamber and the fluid is withdrawn, the 
pupil contracts; the contraction is slower in the rabbit than in the cat ; 
on re-injecting the fluid withdrawn, the pupil again dilates, but usually 
not to its original extent and sometimes great pressure has to be exercised 
before any considerable dilation occurs, and this is especially the case in 
the rabbit. In the rabbit as the fluid is withdrawn, the lens and iris 
come forward and eventually touch the cornea, the cornea as a rule 
remaining smooth; in the cat the cornea usually becomes folded when 
much aqueous humour is withdrawn. The difference depends upon the 
stouter nature of the sclerotic in the cat, whereby it yields less readily 
to external pressure. 

After removal of much aqueous humour, the enlargement of the 
pupil on stimulating the sympathetic—and also on stimulation of the 
sclerotic—is surprisingly less than normal, and in the rabbit it may be 
barely perceptible. On increasing the pressure in the anterior chamber 
by injecting warm normal salt solution, the dilating action of the 
sympathetic increases in most cases, but it is rarely restored to normal ; 
the normal action is however restored, when the eye is left for an hour 
or two. 

The effect of removing the cornea is like that of removing the 
aqueous humour; the pupil in the rabbit contracts until it is but 14 to 
2 millimetres in diameter; in the cat, the pupil contracts greatly but 
commonly is not reduced to a slit. The edge of the iris fits closely 
upon the lens, so that a certain amount of fluid is retained in the 


1 Op. Budge. Ueber d. Bewegung der Iris, 1855, p. 63. 
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posterior chamber. On lifting the edge of the iris a portion of the 
fluid runs out. The diminution in the extent of the ‘sympathetic’ 
dilation, caused by removing the cornea, is very great in the rabbit and 
considerable in the cat; in the rabbit, the dilation may be barely 
perceptible, and commonly ceases to be visible in a very short time. 

The contraction of the pupil which ensues on removing the cornea 
is chiefly due to a contraction of the sphincter; as noticed by 
Griinhagen' when the sphincter edge of the iris is cut round it 
contracts still farther. The varying degree of contraction of the muscle 
in different cases accounts in the main for the somewhat varying effects 
of increasing and decreasing the pressure in the anterior chamber, and of 
removing the cornea, which we have spoken of above, and explains in 
part the diminished effect of stimulating the sympathetic in these 
circumstances. 

Budge (op. cit. p. 64) states that atropin, instilled into the eye in 
the rabbit, does not diminish the effect which removal of the cornea has 
on the size of the pupil. We have injected atropin into the blood, and 
find in all cases that subsequent removal of the cornea leads to less 
contraction of the pupil than normally, and especially in the cat. Thus 
in the cat, on withdrawing and replacing the aqueous humour with a 
syringe, the iris may flap up against the cornea, otherwise barely 
changing; and on removing the cornea, the pupil may remain wide. 
This we have also seen after the injection of 50 mgs. of nicotin. On 
the other hand atropin only slightly enlarges the exposed iris. The 
decrease in the size of the pupil, caused by removing the cornea, is less 
some hours after death, and is but slight when the irritability of the 
sphincter ceases, i.e. about two days after death. 

We conclude, then, that the exposed sphincter contracts partly in 
consequence of a stimulation of its nerve-endings and partly in conse- 
quence of a direct action upon its muscular substance. Why the latter 
stimulation should, after injection of atropin or nicotin, be sometimes so 
slight, is not clear. 

Of course mechanical causes also modify the size of the pupil; 
increased pressure in the anterior chamber, which forces backward the 
ciliary region of the iris, increases the size of the pupil; diminished pres- 
sure, which allows the ciliary region of the iris to come forward, and the 
anterior surface of the iris to be less curved, decreases the size of the 
pupil (cp. diagram, Fig. 7). Bulging of the lens, carrying forward the 


' Griinhagen. Arch. f. d. ges. Physiol. x. p. 172, 1875. 
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sphincter edge of the iris, causes dilation, a dilation of this kind is often 
seen in the exposed iris on stimulating the third nerve. If in a cat, in 
which the pupil is dilated by chloroform, a needle be passed through the 
edge of the cornea, and the lens pressed back, the pupil at once becomes 
smaller, enlarging again as the pressure on the lens is relaxed’. In 


Fie. 7. Diagram to show how variations in the pressure in the anterior chamber 
mechanically produce variations in the size of the pupil. 


addition, there may be, especially in the rabbit, a diminution in the size 
of the pupil on removing the cornea, in consequence of the sclerotic at 
the line of attachment of the iris being less distended, so that the cir- 
cumference of the iris is diminished. 

As shown by Budge a loss or an imbibition of fluid causes, several 
days after death, some increase or decrease in the size of the pupil; 
this, no doubt, is purely mechanical. 

We have said above that after withdrawing with a syringe the aqueous 
humour from the anterior chamber, stimulation of the sympathetic often 
produces a very slight effect. There is one source of error which requires 
notice; if the iris is punctured so that there is even a trifling escape of 
blood, theyaqueous humour may clot, and the clot prevent or reduce the 
sympathetic dilation of the pupil. It may be mentioned also that when 
the point of the syringe is kept in contact with the iris, a film forms 
over the iris, in the part of the aqueous humour lying immediately over 


After a few repetitions the sphincter usually contracts, and the pupils become slit- 
shaped, 
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it, so that the needle becomes adherent to the iris. The film so formed 
may almost entirely prevent the dilation of the pupil. 


On cutting off the cornea, the ocular muscles lose a part of their tone, so 
that, on turning the side of the head downwards, the eye protrudes consider- 
ably from the orbit. 


In contrast to the removal of the aqueous humour, removal of the 
vitreous humour has a comparatively slight effect on the sympathetic 
dilation. In the cat, a considerable portion of the vitreous humour may 
be removed and the sympathetic will still cause nearly maximal dilation ; 
wide dilation may also be obtained even after removal of the lens. 

Turning now to Kélliker’s experiment on the rabbit; if the inner 
(pupillary) third of the iris be quickly removed and the sympathetic 
stimulated there is a slight movement of the iris; to obtain it again the 
iris should be brushed towards the centre of the lens so as to extend it 
radially; as a rule however the sympathetic soon becomes ineffective. 
The movement of the iris is commonly so slight, that the experiment, 
taken by itself, is anything but convincing that the normal wide dilation 
is produced by the contraction of a radial muscle. 

In the cat and dog, after removal of the inner half of the iris, the 
sympathetic causes a very marked dilation of the artificial pupil. A 
movement is still visible after two-thirds of the iris has been cut away. 
The movement is generally better seen in the cat than in the dog. In 
all cases it is best to extend the peripheral portion of the iris by 
brushing it towards the centre of the lens. The duration of the sym- 
pathetic action is very variable, in some cases we have obtained no effect 
after the first few minutes, in others it has been obvious for half-an-hour 
to an hour. 


ALLEGED PROOFS OF THE ABSENCE OF A DILATOR MUSCLE. 


The experimental proofs which have been brought forward as to the 
absence of a dilator muscle come mainly from Griinhagen and his pupils. 

1. The comparative behaviour of the pupillary and ciliary 
portions of the iris. There are two effects to be considered here (a) 
that of temperature and (b) that of electrical stimulation. 

(a) Temperature. Interesting observations on the effect of tem- 
perature on the iris were made by Brown-Séquard' in 1859. He cooled 
or warmed the cut-out eye as rapidly as possible. In mammals, his 


1 Brown-Séquard. Journ. de la Physiol. U. p. 291, 1859. 
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results, so far as it is necessary to quote them, were: that contraction 
of the pupil was caused by warming or cooling, provided the change of 
temperature was considerable and rapid; that when the pupil was 
contracted owing to warmth or cold, it dilated on being cooled or 
warmed. Both contraction and dilation were slow. 

Samkowy’, under Grünhagen's direction, found that the cut-out 
sphincter iridis of mammals slowly contracted when gradually warmed, 
and slowly dilated when gradually cooled. In the excised ciliary part 
of the iris, on the other hand, he found no shortening when a radial 
strip was warmed. 

Griinhagen caused similar experiments to be made, with an improved 
form of apparatus’, 

We have simply taken the iris or its pupillary portion, or its ciliary 
portion, placed it in sodium chloride solution 6 pc. at 15°C. and at 
35° C. and noted its behaviour. 

Behaviour of the whole iris in normal salt solution. The iris from 
a recently killed animal is pinned out over a ring of cork,—or the 
anterior half of the eye is taken, the cornea removed, and the sclerotic 
pinned out on a ring of cork—and placed in salt solution at about 15°C.’ 
The pupil is then of medium size, and the tone of the sphincter not 
great though somewhat variable; if the pupil is artificially dilated and 
distorted, it only slowly returns to its original size. On placing the 
iris in salt solution at about 35°C., the pupil rapidly narrows and 
becomes very small; if it is enlarged and distorted artificially, it rapidly 
returns to its small size. On re-placing the iris in the cool salt solution 
the tone of the sphincter quickly disappears, the dilation of the pupil 
is not great, unless the iris has been much stretched on pinning it out; 
but on distorting the pupil it only slowly returns to its normal shape. 
A constriction or partial relaxation can thus be obtained a considerable 
number of times. A constriction of the pupil when the iris is placed in 
warm salt solution can be observed in the rabbit, cat and dog 36 to 48 
hours after the death of the animal, if the eye has been left in the body 
at a temperature of 16° to 20°C. But the longer after death, the less 


does the sphincter lose its tone on transferring it from the warm to the 


cool salt solution; and a certain time after death the sphincter once 


> Samkowy. Arch. f. d. ges. Physiol. rm. p. 399, 1874. 

* Cp. Griinhagen. Archiv f. d. ges. Physiol, Bd. xxxm. p. 59, 1884. 

The iris in salt solution at 0° - 38°C. behaves the same way as in salt solution at 15°C. 
except that, perhaps, it becomes flabby more quickly. We have not observed any certain 
preliminary contraction of the pupil on placing the iris in salt solution at 0°C. 
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contracted gradually loses its tone and is comparatively little affected 
by subsequent changes in the temperature of the salt solution. 

Behaviour of the sphincter in normal salt solution. When the 
sphincter ring of the iris is removed and cut through so that it forms a 
single strip, it can be extended to a long thread in cold salt solution, 
and if left to itself, only slowly shortens and only partially. If this 
extended thread be dropped into warm salt solution, it at once contracts, 
forming a small clump; if again extended, it regains its previous con- 
dition quickly when the extending force ceases. The effect of subsequent 
cooling and warming varies, as with the whole iris, with the time after 
death at which it has been obtained. 

Behaviour of the ciliary portion of the iris. When the ciliary 
portion of the iris is cut out, stretched in cool salt solution, and then 
dropped into warm salt solution there is very little longitudinal 
shortening; if there is much, it indicates the presence of a portion 
of the sphincter muscle. In the cat and dog, the sphincter occupies 
half or more than half of the iris; so that after it has been completely 
removed, a radial contraction in the remainder, if it occurred, would 
not be a very striking phenomena. A radial shortening, although not 
arresting attention like the contraction of the sphincter, can however 
always be made out in the ciliary part of the iris on placing it in warm 
salt solution; if the ciliary region is already somewhat retracted, the 
radial shortening may only show itself by the piece becoming curved, 
the shortening in fact is then confined to the posterior layer, and this 
at the edge partially draws away from the anterior layer so that the 
anterior layer projects over the posterior. A better way of showing 
the radial shortening is by cutting a radial strip of the whole iris, 
extending this gently in cool salt solution, and then placing it in warm 
salt solution. 

The difference between the sphincter and ciliary region of 
the iris is then simply one of degree v contraction with warmth is 
incomparably a more striking phenomenon with the sphincter than with 
the radial strip, but the behaviour of the radial strip is not inconsistent 
with the existence of a radial muscle. 

Roy’ has shown that warmth causes a retraction of elastic tissue; 
but that the shortening of the radial strip is not caused by elastic 
tissue is shown by its much greater amount in favourable circumstances, 
and by its disappearing one to two days after death, at a time when the 
properties of elastic tissue are unaltered. 


2 Roy. This Journal, Vol. m. p. 125, 1881. 
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(b) Electrical stimulation. Griinhagen' on suspending a strip of 
the ciliary portion of the iris, found no change in its length on directly 
stimulating it. Later however Hurwitz’ under Griinhagen’s direc- 
tion and with an improved form of the instrument previously used, 
obtained shortening of a strip of the ciliary region of the iris kept at 
28°—30° C., on sending induction shocks through it. Griinhagen 
does not however regard this as proof of the existence of a radial 
muscle; possibly he considers the contraction as being due to the 
out-curving bundles of the sphincter, which according to him serve 
with a contracted sphincter to constrict the pupil. Moreover 
Hurwitz found no radial contraction in the ciliary portion of large 
ruminants, he obtained it only in the irides of the rabbit and the cat. 

2. Elongation of the excised sphincter on stimulation. 
The important discovery that the tone of the sphincter can be 
diminished by direct stimulation is due to Griinhagen and Samkowy’ 
(1875). They cut out the sphincter, suspended it between two hooks, 
connected the lower hook with a lever, warmed the strip to cause it to 
contract, and then stimulated it, usually with induction shocks sent 
from end to end of the strip. They found in certain cases that the 
result was not contraction but elongation of the sphincter. 


In the rabbit’s sphincter, stimulation normally caused a contraction 
followed by an elongation past the original point; occasionally elongation 
only was obtained. Atropin had no effect upon the result. With the cat's 
sphincter they usually obtained pure elongation, and always if atropin had 
been given. Griinhagen‘ (1880) notices that these effects are only obtained 
on the sphincter when it has been removed from the body. 


It is not certain whether the elongation thus produced is due to a 
direct stimulation of the muscle-cells or to a stimulation of nerve- 
endings, Griinhagen bas pointed out that the elongation can be 
obtained for some hours after death, and this suggests a direct action 
on the muscle, but it is not conclusive, for possibly the nerve- 
endings retain their irritability long after the nerves in connection with 
them have ceased to be irritable. 

If it were shown that the elongation is due to stimulation of nerve- 


1 Griinhagen, Arch. f. d. ges. Physiol. Bd. x. p. 172, 1875. 

Op. Griinhagen. Arch. f. d. ges. Physiol. Bd. XXIIII. p. 59, 1884. In this paper, 
Grünhagen gives a brief account of the dissertation of Hurwitz (1878), Biernath 
(1882), Pfalz (1882). We quote from this account. 

* Grinhagen u. Samkowy. Arch. f. d. ges. Physiol. Bd. X. p. 165, 1875. 
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endings, the fact would go far to prove that the sympathetic is an 
inhibitory nerve for the sphincter. For the evidence is against either 
of the other nerves which supply the iris, having this function. After 
atropin has been given, the third nerve has no effect on the pupil, but 
it does not prevent the elongating effect of direct stimulation of the 
excised sphincter. And there is no satisfactory evidence that stimula- 
tion of the fifth nerve, centrally of the Gasserian ganglion, causes dila- 
tion of the pupil. . 

It must be noted, however, that even if the sympathetic were shown 
to be capable of inhibiting the sphincter, that would not exclude the 
possibility of its also being capable of causing a radial muscle to 
contract. 

The experiments mentioned in this section we have not repeated. 

3. Comparison of the latent period of constriction with 
that of dilation. It was remarked by Budge (op. cit. p. 85), that, 
commonly, contraction of the pupil followed stimulation of the third 
nerve more promptly than dilation followed stimulation of the sympa- 
thetic. Frangois-Franck* using weak stimuli noticed a consider- 
able difference in this respect; he considers this difference to be in 
favour of the view that the action of the sympathetic is an inhibitory 
one. But, as he himself mentions, the difference might be due to the 
sphincter muscle having more tone than the dilator, and this naturally 
would cause a delay in the manifestation of the contraction of à radial 
muscle, 

As a matter of fact, the difference in the latent period of contraction 
and dilation of the pupil depends chiefly upon the strength of the 
stimulus; and a strong stimulation of the sympathetic will cause 
a dilation of the pupil more quickly than a weak stimulation of the 
third nerve will cause a contraction. Furthermore, even if the latent 
period of the sympathetic were always the greater, it would still 
remain to be shown that this is a characteristic of peripheral inhibitory 
action. 

4. Analogy. It has been arguéd and chiefly by Gaskell, that 
the general anatomical and physiological relations of the sympathetic 
system indicate that its pupillo-dilator fibres are inhibitory. But one 
of the chief arguments urged in favour of this, viz. that motor and 
inhibitory nerves run a different course and are connected with nerve- 


1 Frangois-Franck. Travaux de la Laboratoire de M. Marey, 1878—1879, published 
1880, p. 1. 
* Gaskell. This Journal, Vol. vu. p. 37, 1886. 
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cells in different ganglia, has not stood the test of experimental 
observation. Both motor and inhibitory nerve-fibres are connected 
with nerve-cells in the superior cervical and in other sympathetic 
ganglia. 

Analogy leads us very little way in determining whether the 
sympathetic fibres running to any particular tissue are motor or 
inhibitory. The sympathetic fibres to the heart are motor, those to 
the intestine are chiefly, at any rate, inhibitory. The sympathetic 
fibres to the blood-vessels of the salivary glands are, so far as is known, 
motor only; those to the blood-vessels of the ear are chiefly motor, 
though some apparently are inhibitory ; those to the bucco-facial region 
are certainly in part motor and in part inhibitory. 

Stimulation of the cervical sympathetic, besides causing dilation of 
the pupil, causes protrusion of the eye, and retraction of the nictitating 
membrane. All of these movements are antagonized by stimulation of 
the third nerve. Yet the action of the sympathetic upon the protrusion 
of the eye, and the retraction of the nictitating membrane can easily be 
shown to be due to a muscular contraction, and not to inhibition. 
Analogy, then, so far as it is worth anything, is in favour of the dilation 
of the pupil being also due to a muscular contraction. 


ON THE RELATION BETWEEN THE VASCULAR CHANGES IN THE IRIS 
AND THE SIZE OF THE PUPIL. 


We have already pointed out that in estimating the effect of vaso- 
motor nerves on the size of the pupil, the state of turgescence of the 
vessels is the only factor which has usually been considered, but that 
the dilation might be due to a longitudinal contraction of the arteries. 
These two views we shall consider separately. 

1. Turgescence of the blood-vessels of the iris. Before the 
discovery of the action of the sympathetic upon the pupil, or rather, 
before any attention was given to this discovery, it was believed by 
many that the movements of the pupil were due to variations in the 
amount of blood in the vessels of the iris. And it was noticed, that 
when an injection mass was forced into the blood-vessels, the iris 
became smaller. This view was, however, disproved by the observation 
that in man the blood-vessels of the head and eye might be gorged 
although the pupil was dilated, and that after death by decapitation the 
pupil became small, although the blood had drained from the vessels’. 


1 Op. Hyrtl. Hdb. d. Topograph. Anatomie, 1847, p. 149. 
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A similar line of observation shows, that the dilation which follows 
stimulation of the sympathetic can be produced independently of a 
diminution in blood supply to the iris. 

This was shown fairly conclusively by the experiments of Budge 
and Waller’ (1851), and of Budge (1855). It is true that Budge and 
Waller did not make their experiments with any view to the theory 
we are now considering; vaso-motor nerves were in fact then undis- 
covered. But they found that stimulation of the sympathetic for some 
time after death caused dilation of the pupil ; since there was no arterial 
blood-pressure, and since the stimulation was repeated more than 
once, it is in the highest degree unlikely, that variations in the amount 
of blood in the iridic vessels could have been the cause of the dilation 
of the pupil. The experiment, with varying degrees of regard for the 
points to be attended to, has often been made in later times and 
perhaps most satisfactorily by Frangois-Franck (1880), who after 
bleeding an animal to death, stimulated the sympathetic at intervals 
several times in succession, obtaining each time dilation with intervening 
return to the constricted state. 

The observation is easily made, and further evidence is offered by 
the fact that dilation can be produced in an extirpated eye by stimu- 
lating a long ciliary nerve. 

Although it is certain that the sympathetic is capable of causing a 
dilation of the pupil in some other way than by decreasing the amount of 
blood in the iris, it seems, on general grounds, reasonable to suppose 
that variation in the state of turgescence of the blood vessels of the iris 
should have a not inconsiderable effect ; and this view is widely believed. 
Nevertheless, it appears to us that the view has no satisfactory founda- 
tion, and that the tone of the muscular part of the iris is sufficient 
normally to prevent the tendency to movement due to variations in the 
amount of blood in the iris. Waller’ pointed out that pressing the 
eye of a white rat so as to make the iris bloodless had no effect on the 
pupil, The considerable variation in blood pressure caused by stimula- 
ting the central end of the depressor, or the lower cut end of the spinal 
cord, usually causes no alteration in the size of the pupil. Brown- 
Séquard“ noticed that injecting blood into the ophthalmic artery caused 
but a barely appreciable constriction of the pupil. We have injected a 


* Budge et Waller. Comptes Rendus de Acad. des Sciences, T. XXIII. p. 418, 
1851. 

2 Waller. Comptes rendus de l' Acad. d. Sciences, T. nk. p. 659, 1856. 

Brown-Séduard. Journal de la Physiologie, u. p. 452, 1859. 
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mixture of blood and warm salt-solution into the carotid, at minimal 
and at very high pressures, with results similar to those of Brown- 
Séquard, great variation in the pressure caused either no effect or a 
trifling constriction or a trifling dilation. When carmine injection mass 
was substituted for the normal salt solution, there was a considerable 
constriction of the pupil, even if the pressure were low. Clearly, the 
constriction of the pupil in this case was due to a stimulation of the 
sphincter. On the other hand, if an eye is taken two or more days 
after death, as in some of Mosso’s’ experiments, and the vessels are 
injected, variations in the size of the pupil may follow the variations in 
the pressure of the injected fluid. 

2. Contraction of the blood vessels of the iris. 

Bernard“ in 1852 found that stimulation of the cervical sympa- 
thetic caused pallor in the ear and in some other parts of the head. 

Waller“ in 1853 observed similar effects and definitely attributed 
them to a direct action of nerve-fibres in the sympathetic on the coats of 
the arteries, ic. to vaso-motor fibres. The existence of vaso-motor 
nerve-fibres for the iris was first established by Kuyper‘ (1859) 
working under Donders; he observed pallor of the iris in albino 
rabbits on stimulation of the cervical sympathetic. 

Since there are in the iris a number of radial arteries, a dilation of 
the pupil might be caused by a contraction of these arteries. It is 
extremely improbable that the sympathethic could cause a contraction 
of the longitudinal coat of the arteries without causing at the same 
time a contraction of the circular coat ; so that—for the present at any 
rate—observations which shew that the sympathetic dilation of the 
pupil is independent of arterial constriction may be taken as showing 
that it is also independent of a longitudinal contraction of the arteries. 

The consideration of the facts relating to this matter may for the 
sake of clearness be divided into sections. 

(a) Simultaneous observation of the size of the pupil and of the 
condition of the blood vessels in some other part of the head than the iris. 

A good many observations coming under this section have been 
made, for animals with unpigmented irides are not always readily 
obtainable, and as they are either rabbits or rats, they are only adapted 
for certain kinds of experiment. 

1 Mosso. Hofmann und Schwalbe's Jahresbericht, 1875, u. p. 79. 

2 A. Bernard. Comptes Rendus de la Soc. de Biol. 1852, p. 169. 

Waller. Comptes Rendus de Acad. des Sciences, T. xxxv1. p. 378, 1853. 


‘Cf. Donders. Accommodation and Refraction of the Bye (The New Sydenham 
Society), p. 580, 1864. 
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The observations taken together show conclusively that by stimula- 
ting the cervical sympathetic, or certain portions of it, a dilation of the 
pupil may be obtained without evoking a contraction of the blood- 
vessels of the ear or of the retina. And if we may safely deduce from 
the absence of contraction of the vessels of the ear and retina, that 
there is also an absence of contraction of the vessels of the iris, the 
independence of the sympathetic dilation of the pupil and the vascular 
contraction in the iris is amply demonstrated. 

But this is a deduction which we think cannot be safely made. 


With regard to the retina, there is, indeed, much difference of opinion as 
to what effect stimulation of the cervical sympathetic has on its circulation. 
Most observers have failed to find any effect. Jegorow' in the rabbit finds 
constriction. Doyon’, in the cat and dog, finds dilation. We have not 
come to any decisive conclusion on the point, but in most cases we have 
failed to observe any alteration of the retinal vessels to follow sympathetic 
stimulation. 

Nevertheless since much stress has been laid on observations of this 
kind, we give an account of them here, together with some additional 
observations of our own. 

Arlt*, working under Donders, found that on stimulation of the 
cervical sympathetic in rabbits, the time of beginning, maximum, and 
ending of the dilation of the pupil and of the contraction of the vessels 
of the ear did not correspond. Frangois-Franck observed a similar 
lack of correspondence, taking a tracing of the pressure in the peri- 
pheral end of the carotid instead of observing the vessels of the ear. 

The cervical sympathetic is usually composed of two or more 
bundles of nerve-fibres. Schiff‘ (1872) found that occasionally he 
could cut one of these bundles, leaving the other intact, and by so 
doing deprive the part of the sympathetic centrally of the cut of its 
action on either the blood vessels of the ear, or on the dilation of 
the pupil and movements of the eye. And he concluded that one 
bundle contained all the vaso-motor fibres for the head and another 
contained all the oculo-pupillary fibres. 

A more constant separation of the pupillary from the vaso-motor fibres 
has been described by Frangois-Franck*. It was shown by Budge and 


1 Jegorow. Archiv f. Anat. u. Physiol. (Physiol. Abth.) 1886, p. 174. 
2 Doyon. Arch. de Physiol. norm. et path, 1890, p. 774; 1891, p. 154. 
3 Arlt, Junior. Archiv f. Ophthalmologie, xv. p. 294, 1869. 

Schiff. (Quoted from Francois-Franck, op. cit.) 

5 Frangois-Franck. Travaua de la Laboratoire de M. Marey, 1880. 
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Waller (op. cit. 1851) that the pupillo-dilator fibres after leaving the 
superior cervical ganglion accompanied the internal carotid artery in 
the internal carotid canal, leaving it to run to the Gasserian ganglion. 
According to Frangois-F ranck, the superior cervical ganglion gives off 
two strands to the carotid canal, and the external strand causes dilation 
of the pupil but no increase in pressure in the peripheral end of the 
carotid, whilst the other strand, breaking up into a plexus over the 
internal carotid artery, causes increase of pressure in the peripheral end 
of the carotid without any dilation of the pupil. 

Francois-Franck also states that the pupillo-dilator fibres run 
exclusively in the anterior limb of the annulus of Vieussens, whilst the 
vaso-motor fibres run in both the anterior and the posterior limbs. We 
are not quite clear as to Frangois-Franck’s position with regard to 
this statement, for though on p. 29 and 30 (op. cit.) it is made without 
reserve and as having no exception, on p. 7 (op. cit.) it is apparently 
said to be of rare occurrence. 

WWe have made a few experiments on this point—two on the dog 

and two on the cat—and have in each case found oculo-pupillary fibres 
in the posterior limb of the annulus of Vieussens. The response evoked 
by it is less than that evoked by stimulating the anterior limb of the 
annulus; but there is a similar though less marked difference between 
the effect of the two limbs of the annulus on the blood-vessels of the 
ear. 
A third place in which Frangois-Franck finds a separation of the 
two kinds of nerve-fibres, is in the short ciliary nerves. Some of these 
cause constriction, others dilation of the pupil, but with neither did 
Frangois-Frank observe any variation in the retinal vessels, or any 
variation in the intra-ocular pressure. 

Jegorow* (1886) took the condition of the vessels of the retina as 
an indication of the state of constriction or dilation of the vessels of the 
iris. He found in the dog, after section of the vago-sympathetic 
trunk, that stimulation of the central end of a sensory nerve caused a 
slight dilation of the pupil, but no change in the vessels of the retina 
or of the ear; that after section of the long ciliary nerves, stimulation 
of the central end of the vago-sympathetic caused no dilation of the 
pupil, but caused strong contraction of the vessels of the retina and of 
the ear; and that stimulation of the peripheral end of a single long 


In our experiments stimulation of the posterior limb of the annulus on the right side 
in the cat, though causing prompt dilation of the pupil never caused maximum dilation. 
* Jegorow. Archiv f. Anat. u. Physiol. (Physiol. Abth.) 1886, p. 149. 


* 
4 
§ 
N 
t 
> 
5 
oul 
* 


— ũ ͥ ꝗ —— ꝗꝙ — 


— 


576 J. N. LANGLEY AND H. K. ANDERSON. 


ciliary nerve caused dilation of the pupil without alteration in the 
vessels of the retina. Jegorow also states that neither atropin nor 
eserin cause any change in the blood vessels of the retina. 

Langley and Dickinson’ (1890) noticed that after injecting various 
poisons—and especially brucin—into the blood of a rabbit, stimulation 
of the cervical sympathetic sometimes caused complete constriction of 
the vessels of the ear, but no dilation of the pupil. 

Lastly there is evidence of a difference in origin from the spinal cord of 
the vaso-motor fibres for certain parts of the head and the oculo-pupillary 
fibres. Bernard’ (1862) observed in the dog, that section of the roots 
of the Ist and 2nd thoracic nerves caused dilation of the pupil, but no 
vascular change in the skin of the head, whilst section of the thoracic 
sympathetic between the 2nd and 3rd rib caused dilation of vessels of 
the head on the same side, but no dilation of the pupil. Since cutting 
off a portion only of the nerve-supply to a tissue does not usually give 
rise to appreciable paralytic symptoms, Bernard’s experiment must 
only be taken as showing that the majority of the pupillo-dilator fibres 
are contained in the Ist and 2nd thoracic nerves, and that the majority 
of vaso-motor fibres for the head arise from some other source. Later 
observers have attempted to ascertain more accurately the origin from 
the spinal cord of vaso-motor and pupillo-dilator fibres. According to the 
latest observations by Langley“ the dilator fibres for the pupil arise, in 
the dog, cat and rabbit, from the first three thoracic spinal nerves ; 
whilst the vaso-motor fibres for the head arise in the dog and cat from 
the Ist to the 5th thoracic nerve, and in the rabbit from the 2nd to the 
8th thoracic nerve. Further the Ist thoracic nerve in the cat sometimes 
caused maximum dilation of the pupil without causing any contraction 
of the vessels of the ear. In the rabbit paling of the conjunctiva was seen 
on stimulating the 4th thoracic, and slight paling on stimulating the 
5th thoracic nerve, although neither of these nerves caused dilation of 
the pupil. 

If, now, the vaso-motor nerves for the iris have the same origin 
from the cord as the vaso-motor nerves for the ear, the experiments just 
mentioned are sufficient to demonstrate that sympathetic fibres can 
cause contraction of the vessels of the iris without causing any dilation 
of the pupil. It seemed to us advisable to make some experiments on 
this point. We have stimulated the thoracic sympathetic (one cat and 


Langley and Dickinson. This Journal, Vol. x1. p. 519, 1890, 
2 A. Bernard. Journ. de la Physiol. de “ Homme etc. T. v. p. 383, 1862. 
Langley. Phil. Trans. Royal Soc. B. p. 108, 1892. 
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two albino rabbits) from about the 6th thoracic ramus upwards to the 
ganglion stellatum, previously cutting the rami communicantes in this 
region. We have also stimulated the last cervical and the upper 
thoracic nerves in the spinal canal (two albino rabbits). During the 
stimulation, the pupil, the blood vessels in the ear and the blood vessels 
in the iris were observed. With the albino rabbit a microscope was used 
for a part of the time to observe the circulation in the iris; the observa- 
tion is rather tiresome, and is only satisfactory in a bright light. In 
rabbits with pigmented irides, and in the cat, the arteries of the major 
circle, and a certain number of the chief radiating arteries can be readily 
seen with a hand lens. On stimulating the thoracic sympathetic below 
the 3rd white ramus there is more or less complete constrictioa of the 
arteries of the ear, but we have not been able in any case to see a 
distinct and indubitable constriction of the arteries of the iris. In some 
cases, when the stimulus was applied to the thoracic sympathetic between 
the 3rd and the 5th white ramus, there was also more or less complete 
contraction of the arteries of the conjunctiva, but still without any 
certain contraction in the arteries of the iris. But when the sympa- 
thetic was stimulated at the lower end of the ganglion stellatum—so 
that dilation of the pupil occurred—the iridic arteries contracted until 
they were lost to view’. 

Stimulation of the nerve-roots in the spinal canal gave corresponding 
results. Marked and considerable constriction of the arteries of the 
iris only occured on stimulating the first three thoracic nerves, ie. the 
spinal nerves which also cause dilation of the pupil. This result is the 
more striking since the Ist thoracic nerve produced no effect whatever 
upon the arteries of the ear’. 


Great constriction and after-flushing of the arteries of the ear were caused 
by the 2nd, 3rd, 4th and 5th thoracic nerves; moderate constriction and 
after-flushing by the 6th, and a slight constriction or slight flushing by the 
7th nerve. There appeared to be a trifling constriction of the arteries of the 
iris on stimulating the 4th and 5th nerves without any dilation of the pupil. 


Notwithstanding, however, that dilation of the pupil and distinct 
constriction of the vessels of the iris were caused by the first three 


It sometimes happens that in exposing the thoracic sympathetic the circulation in 
the head on the operated side is considerably retarded or diminished. In such cases the 
iris is much more quickly injured than the vessels of the ear; stimulation of the cervical 
sympathetic may cause complete constriction of the vessels of the ear, but have no effect 
on the pupil. 

Op. Langley. Phil. Trans. Royal Soc. B. p. 103, 1892. 
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thoracic nerves and by these only, the readiness and extent of the 
pupillary dilation was not proportional, with the several nerves, to the 
readiness and extent of the arterial constriction. 

We conclude then that the state of the vessels of the ear or 
of the conjunctiva cannot be taken as an indication of the 
state of the vessels of the iris. And that the origin of the 
vaso-motor fibres for the iris corresponds with the origin of 
the dilator fibres for the pupil, and not with that of the vaso- 
motor fibres for the ear. 


) Simultaneous observation of the size of the pupil and of the 
condition of the blood vessels of the iris in circumstances other than 
stimulation of the sympathetic. 

Waller’ (1856) noticed in the white rat, that during the dilation of 
the pupil caused by atropin, there was no contraction of the iridic 
arteries. The vessels became zigzag or spiral, and remained full of 
blood. Vulpian’* (1873) repeated the experiment with similar results. 

This observation is important and has received less attention than it 
deserves. It shows that a large dilation of the pupil can be obtained 
apart from any contraction of the vessels of the iris. It is true that 
atropin has usually been supposed to be without effect on blood vessels, 
but the bearing of this upon the vascular theory of dilation seems to 
have been unrecognized. 

Since, however, the sympathetic can cause a dilation after atropin 
has been given, there still remains a possibility of dilation by vaso-motor 
action. | 

An observation on similar lines is that of Hamer“ working under 
the direction of Donders. He found in albino rabbits, that after a 
small dose of eserin had been applied to the eye, stimulation of the 
cervical sympathetic produced pallor of the iris, but little or no dilation 
of the pupil. This result, however, might be explained by the contrac- 
tion of the sphincter being too strong in the conditions of the experiment 
to be overcome by the contraction of the arteries. 


We have made one or two experiments with eserin ; in the rat, after local 
application of eserin to the eye, the sympathetic had no effect upon the pupil, 
it caused slow constriction of the vessels of the iris, on cessation of the 


1 Waller. Comptes Rendus, T. xum, 1856, p. 659. 
Quoted from Francois-Franck (op. cit.) p. 10, note. 
Ct. Donders, Accommodation and Refraction of the Eye, p. 580, 1864. 
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stimulus the vessels rapidly dilated; in the cat, eserin did not annul the 
action of the sympathetic on the pupil. 


When stimulating the 4th to the 8th thoracic nerves in albino 
rabbits in the spinal canal, we have noticed at times, when there were 
indications of slight escape of current to the spinal cord, most of the 
possible forms of independence between the movements of the iris and 
the contraction of its blood vessels. Thus we have seen a slow 
constriction of the pupil both without any change in the vessels of the 
iris and with a slight contraction of them. We have also seen, a quick 
rhythm of complete contraction and full dilation of the arteries set up, 
the later contractions and dilations taking place with a perfectly 
unmoving pupil. In these cases the effects produced are no doubt 
reflex. 

In albino rabbits a flushing of the iris accompanied by a dilation of 
the pupil may sometimes be caused by gently pinching the skin. We 
give an account of an experiment in which this was observed. This 
experiment is remarkable because stimulation of the cervical sympathetic 
caused a constriction of the pupil. This occurred constantly when the 
electrodes were placed close to the cut end of the nerve, and only when 
they were placed there. The constriction may have been reflex and 
due to the presence of a few vagus or other cerebral nerve-fibres 
running with the sympathetic. 


Experiment I. 


Rabbit. Small albino. Give 3 gram chloral hydrate by rectum ; later 
inject 13 c. 0. 2 p.c. morphia under skin. 

12.23 Left cervical sympathetic tied and cut. The left ear and conjunctiva 
flush, the mucous membrane of the mouth shows no change, both 
already pink ; the iris, if it changes at all, becomes slightly paler. 

12.30 Stimulate sympathetic; a at 9; (shocks rather weak to tongue) 
—iris, conjunctiva and ear become pale; the pupil constricts a 
little, and on cessation of the stimulus dilates to its previous size. 

12.33 Repeat stimulation—same result. 

12.35 Stimulate sympathetic farther away from the cut end; s.c. gt 10 ;— 
the ear becomes pale and the pupil dilates. 

Reflect sunlight into the eyes—the pupil constricts the iris 
becomes paler. 

Stimulation of the sympathetic at the cut end of the nerve gives 

constantly a slight constriction of the pupil and a slight paling of 

the iris ; the pupil dilates on ceasing the stimulation. 
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12.46 Stimulate sympathetic ; s.c. at 8; if the electrodes are placed on the 
cut end the pupil constricts, if placed elsewhere on the nerve, the 
pupil dilates ; after the end of the stimulation the iris becomes 
very pale, without any movement of the pupil. 

12.55 Pinch gently the skin of the chest—the iris at once becomes red and 
the pupil dilates. Repeat several times with the same result. 


(c) Simultaneous observation of the size of the pupil and of the 
condition of the blood vessels in the iris produced by stimulating the 


pathetic. 

We have quoted above (p. 575) an experiment of Francois-Franck’s 
on the effect of stimulation of the external branch given off to the carotid 
canal by the superior cervical ganglion. He found that stimulation of this 
branch caused dilation of the pupil without causing constriction of blood 
vessels in certain regions of the head. It appears also from his account 
—though it is not very clear—that in one or more experiments he 
examined the iris with a lens, and noticed no contraction of its vessels 
notwithstanding the dilation of the pupil. 

Our observations have been made in the first place on rabbits with 
unpigmented irides, the cervical sympathetic was stimulated and the 
circulation in the iris watched with a microscope. 

In the albino rabbit, the radiating vessels have a sinuous or spiral 
course, unless the pupil is very small. On stimulating the sympathetic 
so as to obtain dilation of the pupil and contraction of the arteries, 
it can easily be seen that—as in the atropin dilation described by 
Waller—the vessels become markedly more sinuous or spiral, and at 
places of bifurcation, the angle of bifurcation becomes greater. 


As the pupil dilates the circular arteries become straighter and where 
they divide in a circular direction, the branches become more closely pressed 
together. When the pupil is large, many radial arteries may, unless much 
dilated, be hidden by the circular folds of the anterior surface of the iris. 


The dilation of the pupil cannot, then, be due to a longitudinal 
contraction of the blood vessels, except on the supposition that longi- 
tudinal muscular fibres form a more or less spiral thickened strand 
around the arteries. And of this there is no evidence under the 
microscope. 

Further proof is offered by the absence of synchronism between the 
movements of the pupil and the change in calibre of the blood-vessels. 
When the cervical sympathetic is stimulated for a second or two only, 
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there is dilation of the pupil without any appreciable contraction of the 
vessels of the iris. On stimulation of the sympathetic for a longer time, 
the vessels of the iris do not begin to contract until the maximum 
dilation of the pupil is nearly or even quite attained ; and on cessation 
of the stimulus, the greater part of the constriction of the pupil is over 
before the dilation of the blood vessels begins. If the stimulation is 
much prolonged the iris begins slowly to constrict, although the vessels 
show no sign of dilation, but after cessation of the stimulus, the return 
to normal is quicker with the blood vessels than with the pupil. There 
is in fact a similar difference in the time of dilation of pupil and constric- 
tion of blood vessels of the iris to that found by Arlt and by Frangois- 
Franck in the time of dilation of the blood ls of the ear. We 
must, however, expressly state that on stimulatfhg the cervical sympa- 
thetic, the contraction of the vessels of the iris, and the contraction 
of the vessels of the ear are often not synchronous; so that the state 
of the vessels of the iris cannot be safely deduced from the state of the 
vessels of the ear. 

The independence of the two actions of the sympathetic on the iris can 
also be seen in the albino rabbit after injecting brucin (cf. above p. 576). 
It is true we have not obtained after giving brucin complete abolition 
of the action of the sympathetic on the pupil, with retention of its action 
on the blood vessels of the iris. But we obtained a stage in which the 
sympathetic caused a momentary slight dilation only of the pupil at the 
beginning of the stimulation and this was followed by complete pallor 
of the iris unaccompanied by a change in the pupil. When in this 
stage the sympathetic was stimulated two or three times in quick succes- 
sion, the second or third and later stimulations caused no dilation of the 
pupil. Making use of this fact we could obtain complete contraction of 
the arteries of the iris without any change in the size of the pupil. 

In the white rat the circulation in the iris can be seen better 
than in the rabbit; and, as in the rabbit, there is little difficulty in 
showing that the sympathetic causes dilation of the pupil in some other 
way than by causing a contraction of the vessels of the iris. We give 
a sketch of the arteries of a portion of the iris of a rat (a) before (b) 
after a momentary stimulation of the sympathetic (Fig. 8). 

In the albino rabbit and white rat, all the arteries of the iris 
examined under the microscope contracted and dilated simultaneously 


When a constriction of the iridic arteries is brought about reflexly, the arteries of the 
major circle and the arteries radiating from it to the sphincter border do not necessarily 
constrict and dilate synchronously. 


PH, XIII. 38 


7 
q 
. 
é 
— 
/ 
— 
‘ 
* 


582 J. V. LANGLEY AND H. K. ANDERSON. 


so that we think the arteries which, in the pigmented iris, are visible 
with a hand lens afford a satisfactory indication of the state of all the 
irkdic arteries. 

We have in consequence made additional observations upon rabbits 
with pigmented irides and upon cats. The results are similar to those 


b 
Fic. 8. Diagram of branching radial vessels in part of the iris of the rat (a) pupil small, 
(b) pupil fairly large; after momentary stimulation of the sympathetic. 
already given for the albino rabbit and need not be repeated here. In 
the cat when the sympathetic is stimulated with a weak current the 
prompt dilation of the pupil and the slow contraction of the arteries is 
very marked. The chief drawback to this as an easy demonstration 
experiment is that at a certain stage of dilation of the pupil, the arterial 
major circle disappears more or less completely under the edge of the 


sclerotic. 


POSSIBLE CONNECTION BETWEEN THE CILIARY MUSCLE AND THE SIZE 
OF THE PUPIL. ON THE SUPPOSED INHIBITORY ACTION OF THE 
SYMPATHETIC UPON THE CILIARY MUSCLE. 


The continuity of the iris with the choroid coat suggests that a 
movement backward or forward of the choroid coat caused by variation 
in the state of contraction of the ciliary muscle might cause some though 
not great variations in the size of the pupil. It is to be noticed, however, 
that the variations in the size of the pupil produced in this way would 
tend to be counteracted by the synchronous forward or backward move- 
ment of the anterior surface of the lens. 

According to Flemming’ and others a slip of the ciliary muscle is 
in some animals as in the cat and dog attached to the outer part of 
the iris, so that its contraction would cause some dilation of the pupil, 
and its relaxation some constriction of the pupil. 

The evidence with regard to the action of the cervical sympathetic 


1 Flemming. Arch, f. mik. Anat. Bd. rv. p. 372, 1868. 
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on the ciliary muscle is conflicting. Jessop’, observing the phakoscope 
images on the lens, was unable to see any alteration in them on stimu- 
lating the sympathetic. On the other hand, Morat and Doyon“ state 
in the most positive manner that stimulation of the cervical sympa- 
thetic causes a flattening of the lens in dogs, cats and rabbit. They 
observed the size of the image thrown on the lens by an obliquely 
placed light, and—in two cases in dogs—the movement of a needle 
thrust through the cornea and resting on the lens. They consider that 
the sympathetic contains inhibitory fibres for the ciliary muscle. 

We have experimented on dogs and cats in three ways; either (a) a 
strip of the sclerotic was cut away just behind the ciliary attachment, 
and the choroid directly observed or (b) a needle was passed through the 
edge of the cornea so that its point rested upon the surface of the lens, 
and the head and the point of the needle observed or (c) the lenses of a 
phakoscope were fixed in a board and arranged so as to throw two 
images on the surface of the lens. In the last method we have made 
also one or two observations on the rabbit. Contraction of the ciliary 
muscle was caused by morphia or by pilocarpin, or by stimulating the 
3rd cranial nerve in the skull. 

On stimulating the cervical sympathetic, we did not observe the 
slightest movement of the choroid or any backward movement of the 
lens. With the phakoscope images our results are the same as Jessop’s; 
we have not observed, as a result of sympathetic stimulation, any en- 
largement of the images on the lens, or any increase in the distance 
between them. A change in the images is of course caused by every 
movement of the head of the observer; and a certain degree of modifi- 
cation may be caused by the contraction of the orbital membrane, for the 
contraction produces a bulging of the eye, and may alter the direction 
of its axis. Taking the precautions which these facts suggest, we have 
observed repeatedly, on stimulation of the sympathetic, completely 
immobile images whilst the pupil passed from a small size to maximal 
dilation. 

As a control, we have commonly stimulated the 3rd cranial nerve 
in the skull. In these cases the needle method readily showed a 
forward movement of the lens. The phakoscope images in the dog and 
cat when viewed very obliquely, are easily seen to advance towards the 


1 Jessop. Proc. Roy. Soc. Vol. xu. 1886, p. 478; Bericht ii. d. vn. Internat. Ophthal. 
Congress, 1888, p. 188. Jessop states that when the ciliary muscle is moderately contracted 
¢.g. by pilocarpin, it relaxes on stimulation of the long ciliary nerves. 

* Moratet Doyon. Arch. de Physiol. norm. et path. 1891, p. 507. 
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cornea; the images, when viewed less obliquely become closer together 
and somewhat smaller. 


The approximation of the images is, however, very much less than that 
which occurs in man in accommodating for near objects. 


Taking all our experiments together, we are forced to conclude, that 
the sympathetic is not an inhibitory nerve for the ciliary muscle’. 


In two cases in the dog, stimulation of the sympathetic caused constantly 
a slight forward movement of the lens (needle method used); we attribute 
this to the pressure exercised on the eye by the contraction of the unstriated 
muscle of the orbital membrane. 


EXPERIMENTAL PROOFS OF THE EXISTENCE OF A RADIAL CONTRACTILE 
SUBSTANCE (DILATOR MUSCLE) IN THE IRIS. 


We have shown in the preceding sections that no increase of any 
importance in thé radial tension of the iris can be produced by a con- 
traction of its blood vessels, or by a relaxation of the ciliary muscle. 

In this section we bring forward proof that an increase in radial 
tension together with a shortening can nevertheless be produced in any 
given radial strip of the iris, It is obvious that such a change cannot 
be due to a contraction, local or otherwise, of the sphincter, and the 
form of the experiments precludes it from being due to a relaxation of the 
sphincter. 

The only other possible explanation is that there is a contractile 
substance radially disposed in the iris which by its contraction leads to 
a dilation of the pupil. This contractile substance we shall speak of, 
now and then, as the dilator muscle. This term, however, we use simply 
for convenience. For our histological observations, so far as they have 
gone, do not by any means satisfy us that the contractile substance 
is in the form of unstriated muscular fibres. This question we shall 
discuss in our later paper. 

1. Movement of the iris on the side opposite to a local 
dilation. Whenever a marked local dilation is produced, whether by 
local stimulation of the sclerotic, or by stimulation of the cervical sym- 
pathetic,—the long ciliary nerves save one being cut—the side of the 
iris opposite to the stimulus is more or less dragged over to the stimu- 


1 As we have mentioned above, in all our experiments the animals were anesthetized. 
Just before the actual stimulation, curari also was given to paralyze the motor oculi 
muscles. We think the anwsthetic condition important, for with imperfect anwsthesia 
there is a possibility of reflex inhibition of the 3rd nerve. 
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lated side. This is readily seen in any of the various ways in which 
slight movements of the iris can be observed. It must be remembered 
however that this does not necessarily occur unless the dilation is really 
confined to one spot; when, as not infrequently happens on stimulating 
the sclerotic, there is a general dilation of the pupil, in addition to the 
local dilation, the effects described in this section may not be noticeable. 

In Fig. 9 are represented the forms of the pupil in the rabbit, (a) at 
rest, (b) on stimulating the sclerotic on one side, (e) on stimulating the 
sclerotic on opposite sides. Tlie vertical lines represent the hair lines 
in a scale fixed over the eye, and through which the pupil was observed. 


Fie, 9. Diagrams of iris of rabbit, to show movement of the iris on the side opposite to 
that stimulated towards the stimulated side. The dots outside the iris, represent 
the position of the electrodes, (a) iris at rest, (b) iris stimulated on one side, (c) 
iris stimulated on opposite sides. 
In the cat, in which the contracted pupil is a vertical slit, one 
or both ends of the slit are dragged across the median line, on stimula- 
ting the part of the sclerotic facing the side of the slit (ep. Fig. 10). 


Fic. 10. Diagrams of iris of cat (a) at rest, (b) on local stimulation of sclerotic. In (b) 
the upper angle of the pupil has been dragged from the mid-line towards the 
part stimulated. 

In the dog, after morphia has been given, the pupil as is well known 
is circular and very small,—on stimulating the sclerotic with strong 
currents the pupil becomes spindle-shaped ; and the whole pupil, still 
small, is perceptibly, although very slightly, dragged towards the side 
stimulated ; with attentive observation, the dragging movement can be 
seen in the ciliary portions of the iris most remote from the stimulating 
electrodes. | 
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It is impossible, we think, to account for these facts on the theory 
that the movements of the iris are produced solely by a sphincter 
muscle capable of being inhibited, and of radial elastic fibres. In such 
a system a relaxation of any part of the sphincter causes recession of all 
parts of the iris from the centre. 

2. Local dilation of the pupil with simultaneous local con- 
traction of the sphincter. The effects to be described here we have 
studied chiefly in the cat’; they can be observed also in the dog, but in 
order to observe them satisfactorily, morphia should not be amongst the 
anzsthetics used, since this causes too great a contraction of the pupil; 
in the rabbit the effects are very slightly marked. 

When, in the manner of Jegorow, a local dilation of the pupil is 
obtained in the cat on stimulation of the cervical sympathetic, that is 
after section of all save one of the long ciliary nerves, the portion of the 
iris corresponding to the dilation moves evenly outwards, the movement 
is purely in a radial direction unmixed with any movement which could 
suggest a contraction of circularly arranged muscles. In consequence of 
the radial shortening, circular folds appear on the anterior surface of 
the iris, starting at the ciliary border and increasing in number with 
increasing dilation. 

The local dilation which occurs on applying the electrodes to the 
edge of the sclerotic is with minimal currents and with currents a 
certain degree above minimal, of the same nature. But with stronger 
currents the movement of the iris is less simple, in addition to the 
outward radial motion, there is a drawing together of the iris on either 
side of, and towards the most dilated portion. There is in fact a 
contraction of the sphincter, as well as a shortening of the radial 
diameter of the iris. The contraction of the sphincter is very obvious ; 
indeed when the iris is examined with a lens or with a microscope, 
this contraction is as obvious as the dilation of the pupil; it is at its 
maximum at the most dilated portion of the pupil, and on either side 
of this becomes less and less, though stretching half way round the iris 
if the stimulus used be strong. 

The contraction of the sphincter naturally causes a different set of 
folds in the pliable anterior surface of the iris, the folds start closely 
packed together from the edge of the pupil in a radial direction and 


? Grinhagen (Zeitschrift f. rat. Med. Bd. XXVII. p. 275, 1866) mentions an experiment 
in which stimulation of the sclerotic caused simultaneously local contraction of the sphinc- 
ter and local dilation of the pupil; after atropin, dilation only was produced. This is the 
only mention of the fact we have been able to find. 
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then curve outwards, diverging as they go (cf. Fig. 11), and rapidly 
becoming indistinct. 

The contraction of the sphincter and the radial outward movement 
do not, as a rule, with moderately strong currents, either begin or end 
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Fic. 11. Diagram of effect of local stimulation of the sclerotic in the cat. Ist stage. 
Contraction of the sphincter. The two dots indicate the position of the stimu- 
lating electrodes. 

simultaneously. With strong currents they may apparently begin 

simultaneously, with currents just sufficient to stimulate the sphincter 

we have occasionally seen the radial movement before the contraction of 
the sphincter, but we have not paid much attention to the changes 
except those produced by moderate or moderately strong currents. 

With such currents we find, in nearly all cases two stages, which we 

have endeavoured to represent in Figs. 11 and 12. 
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The first effect of stimulation is usually a slight brief contraction of 
the pupil“; immediately after or as a continuation of this contraction, 
the inner edge of the iris opposite the electrodes gathers into fine 
radial folds or creasings and the portion of the iris on either side passes 
towards this region, thus increasing the number of folds. The shifting 
of the inner border of the iris is further indicated by the curved course 
taken by the folds. This first stage, which is caused by the contraction 
of the sphincter is shown in Fig. 11. 

Whilst the sphincter is still contracted, and before it has attained its 


N WSS 


Fic. 12. Diagram of effect of local stimulation of the sclerotic in the cat. 2nd stage. 
Radial contraction superposed upon the contraction of the sphincter. 


This is not always seen, its absence is probably due to the simultaneous action of the 
dilator muscle. The prominence of the sphincter contraction varies with trifling variations 
of the position of the electrodes on the sclerotic. In fact the constrictor and dilator nerves 
appear to run to a certain extent separately even in the anterior part of the sclerotic. 
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fully contracted condition, the local dilation of the pupil begins; circular 
folds’ are seen at the ciliary border of the iris increasing in number as 
the dilation increases. The iris of the opposite half is more or less 
distinctly dragged towards the stimulated side. This second stage is 
shown in Fig. 12. 

On cessation of the stimulus, the effects disappear in the reverse 
order to that in which they commenced. The contraction of the 
sphincter ceases first, and the radiating lines seen on the surface of the 
iris run straight outwards instead of being curved; then there is a 


Fie. 13, Diagram of the appearance of the iris shortly after ceasing to stimulate the 
sclerotic. Relaxation of sphincter, with slight diminution only of the radial 
contraction. 

slight lessening of the circular folds, the shape of the pupil becomes 

less irregular (Fig. 13), the extended opposite side of the iris passes 


These folds are large and very unlike the fine radial creasings caused by contraction of 
the sphincter muscle. 
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back to its normal position; finally there is a more gradual disappear- 
ance of the circular folds and the pupil returns to its original shape. 

We have seen a similar series of changes in the iris of the dog, on 
stimulating a single ciliary nerve near its entrance into the sclerotic. 
As a rule, in these stimulations, the contraction of the sphincter is not 
accompanied by a local bulging of the iris on the pupil side, but this 
does sometimes occur. An example of this we give in Fig. 14. In 


Fie. 14. Diagram of changes in cat’s iris, sometimes seen on local stimulation of the 
sclerotic (a) local contraction of sphincter, the contracted part bulging into the 
pupil, (b) subsequent local dilation of pupil, the contracted sphincter having 
been dragged outwards. 

Fig. 14 (a), the sphincter is contracted and bulges into the pupil, in 

Fig. 14 (ö) the radial pull has come into play and dragged outwards 

the still contracted sphincter. 

We do not think that there can be any question with regard to the 
main fact in the above account, viz. that a dilation of the pupil may occur 
in a part of the iris in which the sphincter is strongly contracted. It 
follows that in this case, the dilation of the pupil cannot be caused by 
an inhibition or by a relaxation of tone of the sphincter. We have seen 
(p. 561) that a local inhibition of the sphincter might cause a local 
dilation. A local contraction of the sphincter causes a diminution in 
the size of the pupil; in the case mentioned above, this is not only 
counteracted but the pupil becomes larger than normal. The only 
possible explanation is that there is an increased radial pull and this as 
we have seen above“ can only be due to the contraction of a radial 
arranged substance or radial muscle. 

3. Contraction of a radial strip of the iris. If two radial 
cuts close together are made in the iris, a wedge shaped piece of iris is 
obtained isolated from the rest except at its outer or ciliary region. In 
such a radial strip, the contraction or relaxation of the portion of 
sphincter muscle in it, may cause a slight narrowing or widening of the 


1 This can be obtained by stimulating a single short ciliary nerve, the contraction is, 
however, much less local than that which can be obtained by stimulating the sclerotic. 
2 There is no difficulty in seeing that the local dilation begins before the contraction of 


GWA Ax 
gS 
— 
| a b 
the iridic arteries. 


MOVEMENTS OF THE IRIS. 591 


pupillary edge, but cannot cause any radial movement either inwards or 
outwards of the whole piece. 

We have observed the behaviour of such a strip of the iris in 
different conditions in the rabbit, cat, and dog. The cornea is cut away 
causing more or less constriction of the pupil; the radial cuts are 
made; as a result of this the strip shortens; the rest of the iris retreats 
towards the ciliary border so that the strip is left lying free on the lens 
somewhat as in Fig. 15. 


Fra. 15. — 


It will be noticed that in the figures the radial cuts do not stretch 
up to the ciliary border; the object of this is to avoid cutting the 
outer circular artery of the iris (circulus arteriosus major); for when 
this is cut the bleeding is very profuse, and the movements of the strip 
of iris cease sooner. We would expressly mention, however, that the 
effects we are about to describe can be obtained when the radial cuts 
pass to the outer limit of the iris, or even if the cuts be prolonged 
through the sclerotic and choroid past the ciliary processes. 

In the strip of iris described above, a radial shortening can be 
produced by direct stimulation, by stimulating the sclerotic, and also, 
and this is more important, by stimulating the cervical sympathetic. 

After each radial shortening, the strip of iris must of course be 
extended, perhaps the best way of doing this is to brush it from ciliary 
to pupillary edge as it lies on the lens; if it be stretched by pulling on 
the pupillary edge with a fine forceps, care must be taken not to 
overstretch it. And it is advisable to leave an interval of two or three 
minutes between the successive stimuli. 

The radial shortening of the strip is by no means equally well seen 
in the three animals we have experimented on. 

In the rabbit it is very slight, and is usually only seen for a minute 
or two after removing the cornea, in one or two cases, however, the 
sympathetic has caused a radial shortening for half-an-hour after 
exposure. We are not quite clear why the effect is so slight or why it 
should cease so soon. But in connection with this it must be borne in 
mind that stimulation of the 3rd nerve has also as a rule but a slight 
and sluggish effect on the sphincter, after the cornea has been removed. 
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In the dog, the effects are usually striking, though not of long 
duration, but we have obtained the best and most constant effects on 
the cat. A certain amount of variation in effect is to be expected, 
according to the extent to which the radial cuts sever the nerve-fibres 
supplying the strip. As the nerves form a wide-meshed plexus in the 
iris, some severance of nerve supply is unavoidable on making radial 
cuts. 

Seen at its best, the shortening of the strip is very striking, it is 
easily seen without magnification, and proceeds until the strip is a half 
or less than a half of its previous length. If the strip has been extended 
by brushing it over the lens, it occasionaliy sticks for a moment and then 
comes away with a jerk, rapidly shortening. Although stimulation of 
the sympathetic, after removal of the cornea, usually causes some 
protrusion of the lens, the shortening of the radial strip of iris takes 
place whether there is or is not such protrusion. It can be seen when 
the surface of the eye is flooded with salt solution ; in this case however 
there is usually a tonic contraction of the strip so that naturally there 
is less scope for visible contraction. 

In the cat, we have examined the strip during its contraction, using 
a microscope magnifying sufficiently to show the circulation of the 
blood. It can be seen that during contraction, the blood vessels become 
bent, and do not undergo any appreciable longitudinal contraction, 
sometimes also no appreciable decrease in diameter. 

Successive pieces of the strip proceeding from the pupillary edge 
may be cut away, and similar effects less in extent are still obtained ; 
and after cutting away three-quarters of such a strip of the cat’s iris, 
we have still obtained shortening of the remainder on stimulating the 
sympathetic. 

Tracings of the shortening of the strip of the iris may also be 
obtained by tying a fine silk thread to the edge, passing the thread over 
a wheel and connecting it with a light lever, but the experimental 
difficulties are considerable, for the force exerted by the radial strip is 
very slight, and by the time all the apparatus has been properly 
adjusted, the sympathetic may have ceased to produce an effect. 

When the sympathetic ceases to cause radial shortening, direct 
stimulation also is as a rule without effect. Occasionally on applying a 
fine pair of electrodes to the edge of a strip, a shortening is seen almost 
entirely confined to the part stimulated, whether this be in the 
pupillary or ciliary zones. Occasionally also on turning the strip back 
so as to expose its posterior surface, local stimulation of the posterior 
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surface will cause small local waves of contraction. Finally if the strip 
be thus turned back, and the sphincter edge fixed, stimulation of the 
sympathetic will often cause distinct local areas of contraction in the 
outer (ciliary) portion of the posterior membrane of the iris, sometimes 
the contraction appears to travel as a wave from the outer to the inner 
(pupillary) part. 

4. Absence of elasticity from the iris. The inhibitory theory of 
the action of the sympathetic pre-supposes that the iris contains elastic 
tissue capable in the absence of opposing force of producing the fullest 
dilation of the pupil. As the iris, in maximal dilation almost disappears 
under the edge of the sclerotic, the unstretched state of the iris means 
on this view a very short radial diameter. This aspect of the question 
has been much disregarded. It is true that Griinhagen states that if 
the sphincter of a rabbit’s iris be removed, the remaining portion 
retracts to a narrow rim. This obviously might result from a contrac- 
tion of a radial muscle, for in such an experiment, the cut-off sphincter 
ring also usually contracts. But putting this on one side, it not 
infrequently happens that in such an experiment the retraction of the 
outer portion is slight, and if the eye be left in the body for two or 
more days (when warm salt solution no longer causes a contraction of 
the sphincter) no retraction at all takes place in the ciliary portion of 
the iris on removing the sphincter. ‘That is to say the retraction is not 
produced by elastic tissue. 

Further suppose two radial cuts are made in the iris, and the piece 
between the cuts retracts; if this be gently stretched and held so for a 
minute or so, or if it be several times gently extended by brushing it, 
it will in most cases remain for a time extended instead of retracting at 
once as stretched elastic tissue would. In the cat and dog it at once 
retracts on tapping, or otherwise stimulating it. 

This behaviour is incompatible with the view that the dilation of 
the pupil is due to elastic tissue in the iris. 


ON THE SUPPOSED INHIBITORY ACTION OF THE SYMPATHETIC UPON 
THE SPHINCTER IRIDIS. 


We have seen above that the sympathetic is capable of bringing 
about a dilation of the pupil by causing the contraction of a radial 
tissue; it is conceivable that this action should be aided by a simul- 
taneous inhibition of the sphincter. We have made experiments to 
determine this upon the rabbit, cat, and dog by three somewhat similar 
methods. 
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In the first method the cornea is removed, the pupil widened and 
distorted in shape, and the time and manner of its return to its normal 
shape noted; the distortion of the pupil is then repeated, and imme- 
diately afterwards the cervical sympathetic is stimulated, the time and 
manner of the return of the pupil to its normal shape again noted. 
This method is not quite satisfactory, because of the radial contraction 
which takes place on stimulating the sympathetic, but so far as it goes, 
it gives no indication that the sphincter is inhibited. 

In the second method, we have taken a strip of the iris, in the 
manner described on p. 591. In such a strip, the sphincter edge is more 
or less contracted, in the cat and dog this is marked by fine radial lines 
over the sphincter and by a narrowing of the sphincter portion ; in the 
rabbit, the sphincter portion often becomes sharply marked off from the 
rest of the iris. 

On stimulation of the cervical sympathetic, there is not the faintest 
sign of relaxation of the sphincter edge, although there is, as we have 
said earlier, more or less radial shortening. 

In the third method, the eye is fixed, the slit of the pupil (in the cat) 
is prolonged by two radial cuts in the iris; so that the iris is cut into 
halves; one half is taken and the sphincter tied at either end with a 
fine silk thread ; one silk thread is fixed, the other is passed over a wheel 
and fastened to a light lever the pointer of which is nearly in contact 
with a vertical millimetre scale. With this arrangement an elongation 
of the sphincter by itself will cause a fall of the lever’. On stimulating 
the sympathetic, however, the lever rises; this is easily seen to be due 
to the radial contraction of the piece. In order to avoid the movement 
caused by the radial contraction, two needles are passed through the 
iris, a little distance from the pupil edge and fixed, so that a radial 
movement is prevented. 

In no case have we been able to observe any sign of inhibition of the 
sphincter as the result of stimulating the sympathetic; although we 
have varied the weight of the lever, and although we have experimented 
with various degrees of contraction of the sphincter, caused partly by 
exposure, partly by dropping upon it warm salt solution. 

We conclude then that the sympathetic has no inhibitory power on 
the sphincter muscle. 

In connection with this we may mention some experiments we have 


1 Instead of a lever we have sometimes used a thin strip of wood with torsion suspen- 
sion. In order to prevent reflex movements of the eye, curari is given in addition to 
anesthetics. 
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made with the 3rd nerve. So much of the unstriated muscle of the 
body is supplied with inhibitory as well as with constrictor nerve-fibres, 
that there is a prima facie probability that all the unstriated muscle of 
the body is supplied with inhibitory nerve-fibres. Since we had failed 
to find inhibitory fibres for the sphincter in the cervical sympathetic, 
and since constrictor and inhibitory fibres often run together, it seemed 
to us worth while to observe carefully the action of the 3rd nerve. 

We have carefully stimulated the 3rd nerve in the skull with 
induced currents of varying strength and of varying rate, and with the 
direct battery current of varying strength and interrupted at varying 
intervals. But we have never found any other effect than constriction 
of the pupil, except when there were indications of escape to the 5th 
nerve. | 


SUMMARY. 


We append a brief abstract of the line of argument of the preceding 
paper, and of the chief facts dealt with in it. The other points which 
we have considered may be gathered from the ‘contents’ given at the 
beginning of the paper. 

The proofs which have been brought forward up to the present time 
as to the way in which the sympathetic causes dilation of the pupil are 
inconclusive. 

For a dilator muscle it has been said 

That the sphincter muscle dies at a time when the cervical sympa- 
thetic nerve will still cause a dilation of the pupil (Budge). The rapid 
death of the sphincter postulated here, was shown by Brown-Séquard 
not to occur. 

That the occurrence of a local dilation of the pupil (Bernstein and 
Dogiel, Engelhardt, Jegorow) shows the presence of a radial 
muscle. It might however, be produced by local contraction of blood 
vessels, or by local inhibition of the sphincter muscle. 

That dilation of the pupil in the rabbits may be obtained after 
removal of the sphincter (Kölliker). But this might be due to a 
contraction of the blood vessels of the iris, or possibly to a mechanical 
bulging of the lens. 

Against a dilator muscle it has been urged :— 

That the ciliary portion of the iris does not contract with warmth 
like the sphincter portion; (Samkowy and Griinhagen). This is 
true but the difference is only one of degree. 
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That the sphincter can be made to dilate by direct stimulation 
(Griinhagen and his pupils) and that probably the sympathetic acts in 
a similar way and inhibits the sphincter (Frangois-Franck, Gaskell). 
The conclusion is not more than a probability, and no direct proof of 
such action of the sympathetic has been brought forward. 

In favour of the sympathetic dilation of the pupil being brought 
about in some other way than by an action of the blood vessels it has 
been urged :— 

That on stimulation of certain nerves, the contraction of the blood 
vessels of various parts of the head does not occur synchronously with 
the dilation of the pupil, and that probably the blood vessels of the iris 
contract simultaneously with the other blood vessels of the head (Arlt, 
Schiff, Francgois-Franck, Jegorow). In fact, however, the contrac- 
tion of the blood vessels in the iris cannot be safely judged from the 
state of the blood vessels in the other parts of the head. 

That atropin causes dilation of the pupil in white rats without 
causing any constriction of the blood vessels (Waller). This does not 
show how the sympathetic causes dilation. 

Reviewing the whole of the previous observations, we think they 
show a probability that the sympathetic causes a dilation of the pupil, 
not by producing a contraction of the blood vessels, but partly by 
causing a contraction of a dilator muscle and partly by causing an 
inhibition of the sphincter muscle. 

We have endeavoured to bring forward decisive proof on these points. 

A direct examination of the iris during the stimulation of the 
cervical sympathetic shows that the pupil dilates before the vessels 
contract, and assuming that the longitudinal muscular coat of the 
arteries contracts simultaneously with the circular coat, the experiment 
shows that the sympathetic dilation of the pupil is not due to a contrac- 
tion of the blood vessels. ; 

It can be shown also that some radially arranged contractile sub- 
stance exists in the iris for when local dilation of the pupil passes a 
certain limit, the opposite side of the iris is dragged towards the 
stimulated side, this local dilation is not produced by an inhibition of 
the sphincter muscle, for the sphincter muscle can be made to contract 
locally at the same time, its contraction being greatest at the most 
dilated portion of the pupil. Further, stimulation of the sympathetic 
causes shortening of a radial strip of the iris, isolated from the iris on 
either side of it, and this shortening may be obtained before or without 
any contraction of the blood vessels in it; and on examining the 
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posterior surface of the iris, small waves of contraction may be seen on 
its posterior surface when the sympathetic is stimulated. 

There is also proof of the absence of elastic tissue in the iris; a radial 
strip does not always retract on being stretched as it would do if it 
contained elastic tissue, and if the iris be left until its muscular tissue is 
dead, a radial strip of it does not shorten as it would if the sympa- 
thetic dilation of the pupil were due to elastic tissue pulling outwards 
an inhibited sphincter. 

We have not found any evidence that the sympathetic can cause an 
inhibition of the sphincter muscle, it causes radial shortening of a 
portion of the iris without the least trace of relaxation in the tone of 
the sphincter border. 

But notwithstanding the proof that a radial contractile substance 
exists in the iris, we have not satisfied ourselves that it has the form of 
ordinary unstriated muscular tissue, and this question we reserve for a 


later paper. 


Nore. 


To p. 574. Action of the sympathetic on retinal vessels, Morat and 
Doyon (Archiv de Physiol. norm. et path., 1892, p. 60) in a Paper which we 
had overlooked when writing the above, find that the cervical sympathetic, 
though causing flushing of the retina in the cat and dog, causes pallor of the 
retina in the rabbit (cp. Jegorow, supra). 

They further find in the rabbit, that, after section of the 5th cranial nerve, 
stimulation of the cervical sympathetic causes constriction of the vessels of 
the conjunctiva and sclerotic, but very little dilation of the pupil and no 
alteration in the retinal vessels. 


May 381, 1892. 


A brief statement of some of the chief results of this paper was made to the Physio- 
logical Society on May 14, and published in the July number of this Journal. 
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ON THE OCCURRENCE AND DETECTION OF 
HAZMATOPORPHYRIN IN THE URINE. By 
ARCHIBALD E. GARROD, MA, MD, FRCP. (Plate 
XXIV.). 


OF recent years a number of cases have been placed on record in which 
the urine was found to contain pigments exhibiting more or less 
obvious affinities with that derivative of hematin to which the name 
of Hæmatoporphyrin has been assigned. 

Some of these urinary colouring matters were apparently identical 
with one or other of the varieties of Hematoporphyrin which have 
been prepared by different processes from blood pigment, whereas 
others have presented noteworthy differences from these, either in 
their spectroscopic characters or chemical properties. 

The earliest observations bearing upon this subject date from the 
year 1874, when Baumstark! described two pigments which he 
obtained from the urine of a patient suffering from leprosy, and to 
which he gave the names of urorubrohematin and urofuscohematin 
respectively. Acid solutions of urorubrohematin yielded a spectrum 
bearing the closest resemblance to that of acid hematoporphyrin, but 
the alkaline spectra of the two substances presented a much less 
conspicuous likeness to each other. The pigment was insoluble in 
alcohol unless an acid were present; its acid alcoholic solution had a 
violet colour; and unlike hematoporphyrin it was not precipitated 
from alkaline solutions by salts of calcium or of barium. Baumstark, 
therefore, although he called attention to the resemblance of urorubro- 
h#matin to iron-free hematin, did not regard the two substances as 
identical. 

In 1880 MacMunn* described a pigment obtained from the urine 
of a patient suffering from acute rheumatism, to which he at first assigned 


) Phliiger’s Archiv, 1874, rx. p. 568. 
Proc. Royal Soc., 1880, XXXI. p. 211. 
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the name of urohematin. He found that the acid and alkaline 
solutions of this substance yielded spectra which were identical with 
those of one of the products of the action of nascent hydrogen upon 
hematin, the alkaline spectrum of which, although it bears a very 
obvious resemblance to that of hwematoporphyrin, differs from it in 
showing five instead of four bands. The acid spectrum showed, in 
addition to the characteristic hamatoporphyrin bands, a band situated 
between the ö and F lines of the solar spectrum, very similar to that of 
urobilin. 

In the following year (1881) Neusser“ found a pigment in the 
urine of two patients, one of whom was suffering from Phthisis 
Pulmonalis, and the other from Pleurisy with effusion, which was 
spectroscopically identical with hematoporphyrin ; and he came to the 
conclusion that it was probably the same substance. Both urines 
showed, when examined without any preparation, two bands very like 
those of oxyhemoglobin, but the absence of proteid precluded the 
notion that any unchanged blood pigment was present. It is note- 
worthy that Baumstark’s specimen yielded a similar spectrum, and 
the same bands have been seen by several more recent observers. 

In 1883, Mac Munn’ recorded some further cases of acute rheumatism 
and a case of so-called idiopathic pericarditis, in which urohematin was 
present in the urine; and in a paper published in 1885 he changed the 
name of his pigment to the more appropriate one of urohswmatopor- 


yrin. 

In 1887 Le Nobel“ confirmed MacMunn’s observations of the 
occurrence of a pigment yielding a five-banded alkaline spectrum in 
the urine of rheumatic patients, and added that he had also met with it 
in Pneumonia and Cirrhosis Hepatis. He stated however that the acid 
spectrum of this substance showed no band between ö and F, provided 
that the solutions were free from impurities. 

In 1889 MacMunn‘* described more fully than before the spectro- 
scopic and chemical properties of urohematoporpbyrin, and discussed 
its relationship to other urinary pigments. In reply to Le Nobel he 
maintained that the band before F is an essential part of the acid 
spectrum, and brought forward various arguments in support of his 


1 Wiener Sitewngsberichte, Abth, m. txxxrv. 1881, p. 586. 

2 Proc. Royal Soc., 1888, xxxv. p. 894. Brit. Med. Journal, 1883, ii. p. 1060. 

3 Journal of Physiology, 1885, v1. p. 636. 

fager Archiv, 1887, xu. p. 501. 

5 Journal of Physiology, 1889, x. p. 71; see also Brit, Med. Journal, 1888, 1. p. 283; 
1888, u. p. 117 and 1891, 1. p. 3. 
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contention. He also added several fresh diseases to the list of those in 
which the pigment is met with in the urine. 

In the same year (1889) Stockvis’ described a colouring matter 
found by him in the urine of an elderly woman, who had taken 
sulphonal. The urine had a deep red colour, and the pigment contained 
in it yielded spectra practically the same as those of hæmatoporphyrin. 
Nevertheless, on account of its behaviour to certain solvents of that 
substance, Stock vis concluded that it could not be identical with it. 

In 1890, Ranking and Pardington“ added two fresh observations 
to the series, Both cases occurred in the same house, and both patients 
were females who exhibited obscure nervous ite Sm but are not 
stated to have taken sulphonal. 

The urines, which had a deep red colour, were examined by Russell, 
MacMunn and Copeman’ who agreed in pronouncing the colouring- 
matter to be hematoporphyrin, or a closely allied pigment. 

In the same year Vaughan Harley“ described two somewhat 
similar cases, but the spectroscopic appearances in the second case, 
which alone are recorded, are puzzling if, as seems probable, these were 
examples of hematoporphyrinuria. Both patients had taken sulphonal. 

In 1891, Salkowski’ described in detail the chemical and spectro- 
scopic examinations of the dark red urines of three patients, all of whom 
had taken sulphonal. Salkowski discussed the methods which had been 
found most satisfactory for the separation of the pigment present in the 
urines, which he regarded as identical with the hæmatoporphyrin of 
Nencki and Sieber, having conducted a series of control experiments 
with normal urine to which that variety of the pigment bad been 
added. He was inclined to attribute the presence of the pigment to 
the administration of sulphonal. A few months later Hammersten‘ 
published the results of the examination of the urine of four more 
patients, all of whom had been treated with sulphonal. His efforts 
were mainly directed to the isolation of the hematoporphyrin from the 
urine in a state of purity; and they were rewarded by success in 
obtaining it in a crystalline form in two cases; the crystals obtained 


Nederland. Tijdschrift voor Geneeskunde, 1889, U. p. 413. 

2 Lancet, 1890, u. p. 607. 

Trans. Path. Soc. xum. 1891, p. 864. 

* Brit. Med. Journal, 1890, u. p. 1169. 

5 Zeitschrift f. Physiol. Chemie, 1891, xv. p. 286. 

© Upsala Likarefirenings Firhandlingar, 1891, xxv. and xxv1. Skandinavische Archiv 
F. Physiol., 1891, m. p. 319. 
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resembling those of the compound of heematoporphyrin with hydrogen- 
chloride prepared by Nencki and Sieber. 


Yet other cases were reported by MacMunn and by Halliburton 
in the Proceedings of the Physiological Society for 1890 and 1891, and 
very recently by Adolf Jolles* and Sobernheim“. 

The above brief summary does not pretend to do more than indicate 
where the literature of the subject of this paper is to be found, for it 
would be useless to attempt to do justice in a limited space to the many 
valuable and interesting observations contained in the papers above 
referred to. Of some of these, however, I shall have occasion to speak 
later. | 

My own observations and experiments which I will now proceed to 
describe, embrace examinations of the urine of upwards of a hundred 
and fifty patients and healthy individuals, for hematoporphyrin or 
allied pigments ; a series of control experiments with urine to which 
hematoporphyrin had been added; a study of the changes produced in 
the spectra of heamatoporphyrin by dilution, by different solvents, and 
by differences of acidity and alkalinity; a comparison of different 
methods of obtaining the pigment from the urine, including a new 
method not hitherto described ; a study of the spectroscopic, and as far 
as possible, of the chemical properties of the specimens obtained, and 
lastly, attempts to obtain urinary hematoporphyrin in crystalline form. 

The observations show that hematoporphyrin in some of its 
varieties is an extremely common urinary pigment; that it is usually 
present in extremely minute quantities, in the urine of healthy 
individuals, and that in a large number of morbid conditions consider- 
able amounts are present, without materially affecting the colour of the 
urine. 


Methods of detecting Hamatoporphyrin in the Urine. 


I have had no opportunity of examining any of the remarkable dark 
red urines which have formed the subject of several of the researches 
which have been referred to above, and my observations have been 
entirely confined to specimens exhibiting no striking peculiarity of 
colour. In some instances I have inferred correctly from the tint that 
hematoporphyrin was present in considerable amount, but when only 


1 Archiv f. Experimentelle Pathologie u. Pharmakol., 1888, xxtv. p. 430. 
2 Internat. Klinische Rundschau, 1891, v. pp. 1914 and 1954. 
Deutsche Med. Wochenschrift, 1892, p. 566. 
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traces are present its detection by such means is quite impossible. I 
have also frequently noticed a pink tinge in the fluid vein produced by 
pouring an urine fairly rich in hematoporphyrin from one vessel to 
another. Such urine may also be rendered distinctly pink by the 
addition of a few drops of a mineral acid, and may show when examined 
with the spectroscope a pair of bands closely resembling those yielded 
by a dilute solution of oxyhewmoglobin, such as have been described 
by several observers, although the presence of unchanged blood pigment 
may be absolutely excluded.. Hammarsten is disposed to assign these 
bands to some precursor of hematoporphyrin ; but a similar spectrum 
is seen when a very dilute neutral solution of the pigment is examined, 
the two bands in question being the darkest of the five which constitute 
the complete neutral spectrum, and I am inclined to agree with 
Stockvis that these are most probably the bands seen in the urine; for 
it is a well-established fact that, even when the urine is acid, the 
spectrum of acid hematoporphyrin is only brought out by the — 
of a mineral acid. 

In order to obtain the pigment in more concentrated solution, aa 
in the great majority of instances, in order to detect its presence, it is 
necessary to precipitate it and to prepare an acidulated alcoholic 
extract from the precipitate. 

The precipitation may be effected in various ways. MacMunn 
recommends that the urine be decolorized with the neutral and tribasic 
acetates of lead, but this method has the disadvantage of yielding a 
very impure extract containing in solution all the pigments of the 
urine. Salkowski recommends the employment of the chloride of 
calcium or of barium, both of which metals form insoluble compounds 
with hæmatoporphyrin. 

In all my earlier work I employed the lead, or the barium process, 
and when the latter method was employed equal parts of a saturated 
solution of barium hydrate, and of a 10% solution of barium chloride 
were added to the urine, according to the directions given by Salkowski. 
In making use of this method care must be taken that the barium 
salt is present in excess, but even when this is the case traces of 
hematoporphyrin may often be detected in the filtrate from the 
barium precipitate, by means of the acetates of lead. 

The great advantage of the barium method is that it does not by 
any means decolorize the urine, the bulk of the pigments other than 
hematoporphyrin passing on into the filtrate. If little urobilin be 
present the extract obtained may be quite free from that substance 
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provided that the precipitate has been washed with water and alcohol. 
If, however, there be much urobilin, and especially pathological urobilin, 
present, a considerable amount may be retained by the rather bulky 
precipitate, and in this way the purity of the alcoholic extract is 
seriously impaired. 

Latterly, I have employed a method which yields considerably purer 
extracts than either of those above referred to, and which is so delicate 
as to allow of the detection of traces of hwmatoporphyrin in urines 
which, when examined in other ways, appear to be quite free from that 
pigment. 

The method is as follows: A small quantity of a solution of sodium 
or potassium hydrate (a 10°/, solution answers very well) sufficient to 
render the liquid strongly alkaline, but not sufficient to destroy a 
filter-paper, is added to the specimen of urine. If the urine contains 
hsematoporphyrin all or nearly all of the pigment will be carried down 
by the precipitate of earthy phosphates which forms. If the phosphate 
precipitate is scanty it should be increased in amount by the addition 
of a small quantity of a solution of calcium phosphate in water acidu- 
lated with hydrochloric acid. 

The precipitate is then removed by filtration, washed off the filter 
into water, and again filtered off, this process being repeated until the 
washings are colourless. 

If much uroerythrin be present the precipitate will have a dirty 
green colour, but thorough washing removes this pigment to a great 
extent, without apparently interfering with the hematoporphyrin. 

If a considerable quantity of hematoporphyrin be present, the 
translucent precipitate, when washed, will have a delicate pink colour, 
and if examined through the filter, against a strong light, will show the 
alkaline spectrum of that substance. 

After the water has drained off completely, the precipitate is 
treated upon the filter, with alcohol acidulated with sulphuric acid. 
The extract so obtained may exhibit the peculiar pink colour of 
hematoporphyrin, or may be yellowish pink or even yellow, according 
to the proportion between the amount of hematoporphyrin contained 
in it, and that of the impurities which are always present in small 
quantities, even after very thorough washing. 

These impurities may, as a rule, be got rid of by shaking the 
extract with chloroform, after the addition of water, when the hæmato- 
porphyrin is usually taken up by the chloroform either from acid, 
neutral or alkaline solution, whilst the supernatant liquid retains a 
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yellow tint, but shows no absorption bands. Indeed the original 
extracts are spectroscopically pure, or at least show no urobilin band, 
provided that the precipitate has been washed. 

When the patient has taken rhubarb or senna, and the urine 
consequently contains chrysophanic acid, the pink colouring matter 
which appears on the addition of soda adheres to the phosphate 
precipitate, imparting to it a bright bluish pink colour, not removed by 
washing, which might be mistaken for that of hematoporphyrin ; but 
the tint is not identical, and such a precipitate does not show. the 
characteristic spectrum. Any doubt is at once removed on the addition 
of the acidulated alcohol, which converts the pink colour to a bright 
yellow. Such an extract will show the hematoporphyrin bands when 
that pigment is present, but on adding ammonia the pink colour returns, 
and a broad area of absorption is observed in the centre of the spectrum. 
Chloroform takes up the chrysophanic acid from the acid extract in 
preference to the hematoporphyrin, and in this way a more or less 
complete separation of the two may usually be effected. 

If the urine contains blood pigment this will be carried down by the 
phosphate precipitate (Heller’s test), and the extract will exhibit the 
spectrum of acid hæmatin. 

Unfortunately there is an element of uncertainty in the process, 
and whereas extracts obtained by precipitating the filtrates with 
barium chloride, have usually been quite free from hæmatoporphyrin, 
and at other times have shown traces only, it has occasionally 
happened that the bulk of the pigment, or even the whole of it has 
been found to have escaped precipitation by the soda. I hope that 
further experience of the process will enable me to find out upon 
what this very exceptional conduct of the pigment depends, and 
to obtain a safeguard against such accidents. In some instances the 
failure could be distinctly traced to the addition of an insufficient 
quantity of the alkaline solution. 

The small bulk of the precipitate allows of the ie removal of 
the pigment from it by a very small quantity of acidulated alcohol, and 
the extracts are therefore richer in hematoporphyrin than those obtained 
by other methods. As a result the proportion of cases in which a 
complete alkaline spectrum can be obtained is very much larger than 
when other methods are employed. 

The precipitate of phosphate plays an essential part in the process, 
for the sodium and potassium compounds of hematoporphyrin are 
soluble in water. When a specimen of homatoporphyrin prepared by 
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the sulphuric acid process, is largely diluted with water, and rendered 
alkaline with sodium or potassium hydrate the solution remains clear, 
and passes through a filter without leaving anything upon it. When 
however a small quantity of an acid solution of calcium phosphate 
is added, the pigment adheres to the precipitate, and is not removed 
from it by washing, whilst the filtrate no longer shows the hemato- 
porphyrin spectrum, 

The substitution of ammonia for soda or potash gave very unsatis- 
factory results, only a trace of hsematoporphyrin being obtained from a 
urine rich in that substance ; whilst an urine in which the soda process 
revealed a trace gave a negative result with ammonia. 

For the detection of hematoporphyrin it is not necessary to 
examine large ameunts of urine. The quantities employed in my 
examinations varied ftom /150 c.c. to 350 c.c., but for the purposes of 


more complete study of the pigments present, much larger amounts, up 
to a litre, were taken. 


The acidulated alcohol extracts varied in bulk from 5 to 20c.c., and 


were examined spectroscopically in depths of from 25 to 45 milli- 
meters, 


General characters of Hematoporphyrin obtained from urine. 


The pigments obtained from urine, when pure, yielded acid solutions 
exhibiting the peculiar pink colour which is characteristic of hzemato- 
porphyrin, and when such solutions were compared with others prepared 

m blood no difference could be detected between them. 

The neutral solutions were paler but had a very similar tint, and the 
alkaline solutions were also pink, like those of the alkaline hæmato- 
porphyrin of Nencki and Sieber, and had not the brown-pink colour 
usually observed in alkaline solutions of the pigment prepared by 
means of sulphuric acid. It is indeed remarkable that the acid, neutral 
and alkaline solutions resemble each other so closely in tint, in spite of 
the great differences observed in the distribution of their absorption 
bands. 

I am inclined to think that the brown-pink colour of Hoppe-Seyler’s 
hematoporphyrin in alkaline solution may be due to impurities, for my 
sulphuric acid specimens have occasionally exhibited when in alkaline 
solution the same beautiful pink colour as is seen in alkaline solutions 
of the urinary pigments. 

As in Salkowski’s cases, the behaviour of the urinary pigment to 
chloroform was somewhat capricious, and appeared to be determined by 
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a variety of causes, such as the purity of the solution, or the amount of 
acid or alcohol present. Sometimes it could only be got to go into chloro- 
form out of neutral or nearly neutral solutions; in other instances it 
was only so removed from acid or alkaline solutions. With Ham- 
marsten, I have frequently seen the pigment leave the chloroform 
entirely when the supernatant liquid was rendered alkaline. 

A pigment which on many occasions refused entirely to go into 
chloroform, has on another been readily taken up; and a pigment 
which was at first untouched by chloroform, has been readily taken up 
after a second precipitation of the extract. It would therefore seem 
that the behaviour of the extracts when shakén with chloroform affords 
no true indication of the solubility of the pigment in that liquid; and 
that it would be erroneous to conclude from any peculiarities of 
behaviour under such circumstances that the various specimens are 
chemically distinct from each other. 

When the chloroform solutions were allowed to evaporate the 
pigment was left as a brown amorphous residue. In my cases this 
residue was always completely soluble in cold absolute alcohol, and I 
have not as yet met with any specimen, in which, as in two of Ham- 
marsten’s cases, a portion was insoluble in cold, but soluble in hot 
alcohol. It is probably for this reason that I have hitherto failed to 
obtain the pigment in a crystalline form either from its solutions in 
chloroform or in ethylic or amylic alcohol. The alcohol solutions have 
always deposited the pigment in amorphous form, usually in tiny 
spherules. 

These evaporation experiments are apt to produce a change in the 
pigment, which may no longer show the absorption bands of hemato- 
porphyrin, exhibiting instead a fresh set of spectra in acid alkaline and 
neutral solution, although to the naked eye the colour of the solutions 
is not perceptibly altered. Similar changes were observed in specimens 
prepared from blood, which were treated in the same manner. 

It is a noteworthy fact that the processes which serve for the 
precipitation of the pigments from urine, are equally efficacious when 
applied to urine to which hematoporphyrin has been added; and in 
this we have further evidence that if they be not chemically identical 
with the product obtained from blood they are at least very closely 
related to it. Salkowski has shown that this is true of urine 
containing the hematoporphyrin of Nencki and Sieber, and I have 
frequently verified it with specimens containing the pigment obtained 
by the action of sulphuric acid upon hemoglobin. 
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The extremely small quantities of hematoporphyrin present even in 
those of my specimens which were most rich in the pigment rendered 
any complete study of the chemical properties of the urinary products 
extremely difficult; and, coupled with my want of success in obtaining 
crystals, rendered any attempt to obtain an ultimate analysis out of the 
question. 


Spectroscopic characters of the urinary Pigments. 


In their spectroscopic characters the pigments obtained from 
different cases presented slight differences in the positions of the 
absorption bands, and as similar differences were observed in specimens 
of hematoporphyrin prepared from blood pigment it seemed desirable 
to ascertain, as far as possible, whether they were inherent in the 
pigments themselves or were attributable to external causes. 

The first point studied was the effect of dilution upon the spectra, 
since the changes produced by this cause are important when solutions 
of varying degrees of concentration are being examined. 

In concentrated solutions of acid hematoporphyrin the two distinc- 
tive bands are separated by a narrow interval near the D line, and some 
shading is seen between E and b, which falls off rapidly towards the 
blue end of the spectrum. This shading is soon removed by dilution. 
(Fig. 1.) 

In aquédus solutions the first band reaches to and just encloses the 
D line, and the second band is preceded by a broad shading which at 
this stage appears to be of equal depth throughout. As dilution 
proceeds the Marker portion of this shading, which is near its less 
refrangible border, becomes detached from the second band, and appears 
as an independent faint band. (Fig. 2.) 

Meanwhile both the dark bands shrink from their less refrangible 
ends, the borders towards the violet being scarcely altered at all. After a 
certain degree of dilution is reached no further shrinkage takes place ; 
the intermediate shading gradually fades and disappears, as ultimately 
does the first band also, a mere shadow of the broader second band alone 
remaining visible. 

It will be obvious from the above description that the more re- 
frangible borders of the bands are the more important for purposes of 
identification, and that dilution produces conspicuous changes both in 
the breadth of the bands and in the positions of their centres. 

In the alkaline spectrum the phenomenon of shrinkage is less 
marked; the shading before the second band fades away as dilution 
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proceeds, but the breadth of the bands is little altered as long as they 


remain visible. 

The band in red is the first to disappear. As with the acid spectrum 
the more refrangible borders of all the bands are less affected by dilution 
than those towards the red. 

The nature of the solvent has a very important influence upon the 
positions of the bands. It was noticed that when acid hamatoporphyrin, 
either artificial or urinary, was dissolved in chloroform a remarkable 
displacement of all the bands towards the red was sometimes but not 
always observed. 

That this shifting was not dependent upon acidity was proved by the 
fact that when the supernatant liquid was rendered alkaline.and again 
shaken with the chloroform the bands of the alkaline spectrum showed 
a similar displacement towards the red. 

I soon found that the inconsistency of the results was due to the 
admixture of alcohol with the chloroform, and that when much alcohol 
was present the shifting of the bands was very slight or inappreciable, 
but that when the alcohol was washed out with distilled water it at once 
became conspicuous. By successive additions and removals of the 
alcohol it is possible to shift the bands backwards and forwards within 
certain limits at will. 

The amount of displacement bears some relation to the molecular 
weight of the solvent, but was not found to be proportional thereto. 
Nor are the several bands shifted to an equal extent, for in going from 
alcohol to chloroform the second band of the acid spectrum is displaced 
more than the first; whereas on going into bromoform the two are 
shifted to an equal extent. 

The following table shows the displacement of the bands of acid 
hematoporphyrin by various solvents; only the positions of the more 
refrangible borders of the bands being indicated. Errors due to varying 
degrees of acidity were excluded by repeating the observations with 
fresh specimens. 


Solvent bande | Bande 
Water 18 A 5875 A 540 
Ethyl alcohol 46 A 5905 A 543 
Amy] alcohol 88 A 5905 A 543 
Chloroform 119°5 A 592 A 549 
Bromoform 253 A 599 A 552 
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It will be seen that the positions of the bands were the same in 
ethyl and amyl alcohol although the molecular weight of the latter is 
nearly twice as great as that of the former. 

When two specimens of an aqueous solution of acid hæmatopor- 
phyrin (Fig. 1) are brought into direct comparison before the spectro- 
scope and alcohol is added to one of them the bands are shifted towards 
the red end of the spectrum. When two alkaline aqueous solutions 
(Fig. 4) are similarly compared, and alcohol is gradually added to one 
of them, the first effect of the addition is to shift all four bands towards 
the blue; but when a larger amount of alcohol is added the first two 
bands return into agreement with those of the aqueous solution although 
_ the third and fourth bands remain displaced towards the blue. When a 
pure rectified spirit solution is compared with an aqueous one, the above 
described shifting of the third and fourth bands towards blue is observed, 
but the first band is also slightly displaced towards the red, with the 
result that the alcoholic spectrum is more spread out in both directions 
than the aqueous. 

The degree of acidity or alkalinity of the solutions has also an 
important influence upon the spectra. Addition of acid shifts the bands 
of the acid spectrum towards the red: whereas when the amount of 
alkali is increased the bands of the alkaline spectrum are displaced 
towards the violet. 

The importance of the above phenomena is at once apparent when 

it is considered that unless the precipitates have been completely dried 
before extraction, the extracts examined consist of mixtures of alcohol 
and water in varying proportions, with varying proportions of acid and 
alkali; and it follows from this that slight displacements of the absorp- 
tion bands are due to such accidental causes rather than to any ab- 
normality in the pigments themselves. 


The Acid Spectrum. 


The spectra of the urinary pigments when in acid solution were 
exactly similar to that of hematoporphyrin prepared from blood’. The 


1 All my specimens of hmwmatoporphyrin were prepared by acting with strong 
sulphuric acid upon Pfeufer’s Hemoglobin (the drug), which affords a very convenient 
source of blood pigment. (In aqueous solution it gives the spectrum of oxyhwmoglobin.) 
In order to purify the product it may be filtered through asbestos, and precipitated by 
neutralization in an excess of water. The precipitate formed may be filtered off, washed 
upon the filter and redissolved in acidulated alcohol; or it may be precipitated from a 
solution rendered alkaline with potassium and sodium hydrate, by the addition of a small 
quantity of an acid solution of ealeium phosphate. 
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acidulated extracts usually showed the two characteristic dark bands, 
one just before the D line and the other between D and £ (I. X 597— 
587. II. X 557 - 541), and an intermediate faint band, which represents 
the darkest portion of the shading, which with more concentrated solu- 
tions leads up to the second band. (This shaded band usually reads 
X 576—2 570 or x 567.) When the colour of the solution is more intense 
the urinary, like the artificial pigment, shows a continuous shading up 
to the second band, and in very concentrated solution it also shows the 
faint shading between E and b, which is shown by strong solutions of 
hematoporphyrin from blood. (Pl. XXIV. Fig. 1.) 

When the solutions: approached to a condition of purity the above 
described bands constituted the entire acid spectrum of the pigments 
obtained from my cases. The extracts from the barium precipitate 
usually showed some shading in the position of the urobilin band, even 
after careful washing, but in some few of these the blue end of the 
spectrum was clear. 

Extracts from the soda precipitates, provided that the precipitates 
had been washed, never showed any band or shading in the position 
of the urobilin band, such as MacMunn describes as forming an 
essential part of the spectrum of acid urohwmatoporphyrin. 


The Neutral Spectrum. 


When chloroform solutions of the urinary pigments were washed 
with distilled water, and cleared by the addition of a little alcohol, or 
when the chloroform was allowed to evaporate and the residue was 
dissolved in alcohol, spectra were obtained identical with those of neutral 
hzmatoporphyrin prepared by the same methods. 

The absorption bands were five in number; two between C and D; 
two between D and E; and one between ö and F. Of these, as has 
been already mentioned, the third and fourth were the most conspicuous, 
whilst the first and fifth are comparatively faint (Fig. 3). | 

When the solution was concentrated the broad third band had a 
fluted appearance, being composed of a series of three darker and three 
fainter portions. 


The Alkaline Spectrum. 


The various specimens of urinary hematoporphyrin yielded, when 
in alkaline solution, spectra conforming to two different types. 
In the great majority of my cases the alkaline spectrum exhibited 
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the four absorption bands which are described as characteristic of 
heematoporphyrin in alkaline solution (Fig. 4), but in a certain number 
of instances a five-banded spectrum was observed identical with that 
assigned by MacMunn to alkaline urohematoporphyrin (Fig. 5) but 
differing essentially from the five banded neutral spectrum (Fig. 3). 

Both kinds of spectra were met with in the extracts from the urines 
of different patients suffering from the same disease, but repeated 
examinations of the urine of the same individual always gave similar 
results. 

The fifth band, when present, was situated near the O line of the 
solar spectrum, and was slightly broader than the second band, which 
corresponded with the band in red of the neutral spectrum. 

It is often a matter of much difficulty to be sure whether or no the 
extra band is present, especially if the entire spectrum is faint. This 
difficulty arises from the fact that the shading at the red end of the 
ordinary four-banded spectrum, both of the urinary and blood derivatives, 
ceases abruptly at the exact line where the more refrangible border 
of the extra band should be, and so may suggest the presence of such a 
band. 

I am now convinced that in some of my earlier cases I was deceived 
by this appearance, and so was led to form too high an estimate of the 
frequency of the five-banded spectrum; but in a few instances the 
specimens showed the fifth band so clearly that there could be no 
doubt as to its presence. It is always difficult to measure accurately 
the more refrangible border of this band, because it is more or less 
merged in the shading at the red end of the spectrum. In the tables 
which follow I have only described the spectrum as five-banded, in the 
cases in which the extra band was quite distinct. 

The fifth band was sometimes much fainter than the others, and it 
seemed, in some cases, as if a small quantity of the five-banded pigment 
was mixed with a much larger quantity of the four-banded variety, the 
faint extra band alone affording evidence of its presence. 

The five-banded spectrum above described is, as MacMunn has 
shown, identical with that of a variety of hematoporphyrin which is 
obtained by the action of nascent hydrogen upon hematin, and also by 
the reduction of ordinary heamatoporphyrin. Le Nobel states that he 
also obtained it by shaking an alkaline solution showing four bands 
only, with acetone or aldehyde. I have tried to repeat this experiment 
with acetone both in the cold and on the water bath, but hitherto 
without success. | 
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The pigment obtained by the action of nascent hydrogen upon 
hematin or hematoporphyrin shows, when in acid solution, a dark band 
before F like the urobilin band, and MacMunn adduces this fact as 
additional evidences of the presence of a similar band in the spectrum 
of acid urohematoporphyrin. As the process of reduction proceeds the 
acid hematoporphryin bands fade whilst the band before F becomes 
darker and darker, and ultimately is alone visible, the pigment named 
urobilinoidin by Le Nobel, having been produced. 

When preparing hematoporphyrin by the sulphuric acid method 
I have, in the great majority of instances, obtained a product which, 
when rendered alkaline, exhibited the ordinary four-banded spectrum, 
but on one or two occasions the alkaline spectrum has been five-banded, 
and exactly like that which is sometimes seen with the urinary 
specimens, A specimen of this kind when reacidified with hydrochloric 
acid showed the acid hematoporphyrin bands and an ill-defined shading 
in the blue, which was too faint for measurement, but extended ap- 
proximately from X 517—47 7. This product was very unstable, and 
when taken up by chloroform and amyl alcohol gave the four-banded 
alkaline spectrum. 

In one of his papers MacMunn states that hematoporphyrin in 
alkaline solution may exhibit four or five bands’, and it is important to 
note that he also describes urohematoporphyrin as sometimes yielding 
a four-banded alkaline spectrum, and ascribes such variations to very 
trifling differences“. 

The occurrence of the two types of pigments in the urine of sufferers 
from the same disease lends strong support to this view, and it seems 
probable that in some cases the pigment has undergone a greater or less 
amount of reduction before being excreted. 

Of all the absorption bands of hæmatoporphyrin the less refrangible 
bands of the alkaline spectrum were those which most frequently ex- 
hibited slight displacements, and it appears to me that this fact receives 
a sufficient explanation from the observations above described of the 
effects of the admixture of alcohol and water in the solutions. 

In the spectra of some of my specimens, both urinary and artificial, 
there was yet another band seen in the extreme blue, reading approxi- 
mately x 469—2 455. This band was only observed when an excess of 
ammonia was present. 


1 Brit. Med. Journal, 1891, 1. p. 6. 
2 Journal of Physiology, x. 1889, p. 79. 
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The Spectrum with Zino Chloride and Ammonia. 


When zinc chloride and ammonia are added to a solution of hamato- 
porphyrin, either artificial or ordinary, a spectrum is seen consisting of 
two bands between D and E (Fig. 6). If only small amounts of the 
reagents are employed the ordinary alkaline spectrum is at first seen, 
and the characteristic bands are only developed when the solution has 
been allowed to stand for some hours. The band in red quickly fades 
away, but that in blue disappears much more slowly. The two charac- 
teristic bands read as follows: Xx 586—) 570 and x 552—2 532. When 
the solution is a concentrated one a faint shaded band is seen lying 
midway between them. 

The above observations which were independently made are in com- 
plete accord with those of Hammarsten. 

MacMunn describes the spectrum of urohematoporphyrin treated 
with zine chloride and ammonia as consisting of two bands identical in 
position with those above described, and a third which agrees with the 
band observed when a solution of normal urobilin is similarly treated. 
With hematoporphyrin prepared from blood he obtained only the 
ordinary alkaline spectrum on the addition of these reagents. 

When the solutions so treated were pure I found that their tint was 
indistinguishable from that of the ordinary alkaline solutions, in spite 
of the great differences in the distribution of the absorption bands. No 
fluorescence was observed in any specimen which could be shown to be 
free from urobilin. 


In illustration of the points above referred to I may give brief 
descriptions of the results obtained in two particular cases. 

CasE I. J. B. a painter, aged 30 years, was suffering from his 
second attack of gout which had commenced three days previously. He 
had a tophus upon the pinna of one ear, and a blue line upon the gums. 

The urine of this patient was examined upon ten different occasions, 
but as the results of all the examinations agreed I will give only a 
summary of them. The urine was once precipitated with lead acetate, 
seven times with barium chloride, and twice with soda. There was a 
considerable amount of hematoporphyrin present on all occasions. 

The urine, as passed, showed two faint bands resembling those of 
oxyhzmoglobin, but the presence of that pigment could be excluded. 
It was pale in colour, and slightly turbid. 
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The acid spectrum of the isolated pigment read : 
Xx 597—587. 
Shading x 576—567. 
* 557—541. 
No band between b and F was ever observed except on the first occasion 
when the lead method was employed. 

On some occasions the pigment went into chloroform yielding a 
solution of the peculiar hematoporphyrin-pink colour. The chloroform 
solution when washed showed a five-banded neutral spectrum reading: 

X 622—613. 
X 608—597. 
X 573—552. 
X 540—519. 
X 513—484. 

With ammonia the solution remained pink, and the spectrum was 

always four-banded, reading as follows :— 

Shading ceasing abruptly at x 638. 
X 622—614. 
X 597—579—563. 
541526. 
X 513—491. 
With zinc chloride and ammonia two bands were seen reading :— 

X 586—570. 
X 552—532. 

The solutions exhibited no fluorescence. 

The chloroform solution of the pigment from a solution acidulated 
with hydrochloric acid was washed with water, and allowed to evaporate 
to dryness upon a watch; glass; a brown amorphous deposit being left. 
The residue was completely dissolved by cold alcohol, which on evapora- 
tion again deposited the pigment in an amorphous form. 

The pigment present in this case was liable to undergo changes. 
Thus a specimen of the sodium extract which when rendered alkaline 
with ammonia yielded the ordinary four banded-spectrum, after being 
kept for five days, showed only a group of three entirely new bands 
reading as follows :— 


X 582—573. 
X 563—555. 
X 549— 535. | 
The change which here took place must have been a very slight one, 
for on adding hydrochloric acid to the specimen the acid hemato- 
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porphyrin spectrum appeared, and the addition of ammonia then brought 
out the original four-banded alkaline spectrum. 

CasE II. John S. aged 38 years, suffering from general œdema for 
which no satisfactory explanation could be discovered, was admitted to 
the West London Hospital under the care of my colleague Dr Donald 
Hood, to whom I am indebted for the opportunity of making the 
examinations. His urine was copious, of a pale yellow colour, and 
contained no albumen. It was examined by the soda method on three 
occasions, in quantities varying from 100 to 700 c.c. 

The soda precipitate, when waslfed, had a bluish pink colour, and 
when examined through the filter with a small direct vision spectroscope 
showed the alkaline hematoporphyrin spectrum very distinctly. 

The acidulated alcoholic extract had a beautiful pink colour, and 
showed the acid hematoporphyrin bands with great intensity, and the 
shading between E and b, but there was no band or shading whatever 
before the F line. 

* 599—587. 
Shading 576—557. 
557—541. 

In concentrated solutions the shading was continuous with the 
second band, but was more intense towards its less refrangible border. 
(Fig. 1.) 

On the addition of ammonia the solutions remained pink, but the 
four bands of alkaline hematoporphyrin were very conspicuous. There 
was moreover an extra band in the red, considerably fainter than any 
of the others, but nevertheless quite distinct. (Fig. 3.) 

Xx 652—638 faint. 
624—613. 
597—582—560. 
540—524. 
511—489. 

With zinc chloride and ammonia two bands were seen after the 
solution had stood for a few hours, during which time a third band in 
blue which was at first visible disappeared. A faint shaded band was 
also observed midway between the two characteristic bands. (Fig. 4.) 
The bands read : 

X 586—570. 

549—532. 
The solution retained its pink tint. 
A concentrated neutral alcoholic solution of the pigment, which, 
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like the above-mentioned solutions, was pink in colour, showed a five- 
banded spectrum (Fig. 1), and the fluted character of the third band 
was very conspicuous. The readings were :— 
X 624—613. 

604—599. 

582—573—552. 

537—520. 

511—484. 

The pigment was readily taken up by chloroform, and when the 
chloroform solution was allowed to evaporate upon a watch glass, was 
deposited in minute spherules which ran together forming amorphous 
masses. It was entirely dissolved by cold absolute alcohol which on 
evaporation again deposited it in an amorphous form. 

Amy! alcohol also dissolved it completely and on evaporation de- 
posited it in an amorphous state. 

The specimen which had been submitted to the above processes was 
dissolved in absolute alcohol, and examined with the spectroscope. 
Although it still retained its pink colour apparently unaltered, its acid, 
alkaline and neutral solutions no longer yielded the hæmatoporphyrin 
spectra, but showed a fresh set of bands, reading as follows: 


647—633. 
Acid. X 592—589. Alkaline. very faint 622612. 
570—555. very dark 569—555. 

537—517. 

faint 532—517. faint 503487. 


The altered pigment was readily taken up by chloroform. 

I have observed a series of spectra practically identical with these 
after submitting a specimen of hematoporphyrin prepared from blood 
to the same treatment. 

Since, as will be seen from the descriptions on p. 617, the pigments 
met with in urine exhibit such very close resemblances to hæmato- 
porphyrin, and do not differ from specimens prepared from blood pigment 
any more widely than such specimens differ among themselves, it seems 
to me that we cannot refuse to them the name of hematoporphyrin. 

I have employed this name when speaking of the pigment rather than 
that of urohematoporphyrin because, although my observations agree 
with those of MacMunn as regards the occasional presence of a fifth 
band in the alkaline spectrum, I am compelled to differ from him as 
to the presence of a band before F in the acid spectrum, which he 
regards as an essential feature of the spectrum of acid urohswmatopor- 
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phyrin, but which I have found to be entirely absent when the specimens 
were pure or at least were free from any contamination with urobilin. 

Although urobilin is taken up by chloroform with much more cer- 
tainty than hematoporphyrin is, I have never suceeeded in entirely 
separating the two pigments by this means; for even when, from a 
mixture of these pigments, the urobilin was taken up by chloroform 
whilst the hematoporphyrin was untouched, the supernatant liquid always 
retained a trace of the band before F, even when fresh chloroform 
removed no more urobilin. However the band was usually reduced to a 
faint shading. 

The above description of urinary hematoporphyrin is based upon 
the examination of some 160 urines of healthy individuals and sufferers 
from various diseases. 

Among 130 urines examined by the lead and barium methods there 
were eighty in which the extracts showed the bands of hematoporphyrin 
in acid solution, but only fourteen in which the alkaline spectrum could 
be obtained; whereas of thirty consecutive urines examined by the soda 
method, twenty-nine showed the acid spectrum more or less distinctly, 
and in no less than nineteen the complete alkaline spectrum was ob- 
served. Among the diseases in which the pigment was most frequently 
present in considerable amounts were Gout, Rheumatism, Chorea, 
Tubercular affections, Lobar Pneumonia and Pleurisy. 

The frequency with which the bands of the acid spectrum were seen 
although the amount of hzematoporphyrin present was not sufficient to 
give the alkaline spectrum, renders it necessary to consider whether the 
acid spectrum alone may be accepted as affording sufficient evidence of 
the presence of hematoporphyrin. I am myself convinced that it may, 
for the following reasons :— 

The pigments which yield the faint acid spectra are precipitated by 
soda and potash as hæmatoporphyrin is, and are not removed from the 
phosphate precipitate by washing. 

Traces detected in small specimens of urine were sometimes shown 
to be undoubtedly hæmatoporphyrin by the examination of larger 
quantities. 

The more concentrated and purer soda or potash extracts yielded the 
complete alkaline spectrum much more frequently than did the extracts 
from the lead or barium precipitates. 

Lastly, in many cases in which the complete alkaline spectrum could 
not be obtained the darker bands of that spectrum were seen, or the 
characteristic bands were observed on the addition of zinc chloride. 
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Heamatoporphyrin in the urine of healthy individuals. 


Usually, but not always, the urine of healthy persons was found to 
contain traces of hematoporphyrin when examined by the soda or 
potash method, although it was very seldom detected in such urines 
by the lead or barium method. 

The quantity of urine taken varied from 200 to 400 c.c. and a small 
amount of extract (about 5 c.. was prepared). With the spectroscope 
very faint shadows of the acid bands were usually seen, too faint for 
accurate measurement, but obviously occupying the correct positions. 
Sometimes traces detected by a small direct vision spectroscope, were 
invisible when an instrument of greater dispersive power was employed. 

In order to put the value of such evidence of the presence of hemato- 
porphyrin to a conclusive test the following experiment was performed. 

The urine of a healthy man had been repeatedly examined by the 
lead and barium methods, always with negative results, but had always 
shown minute traces when the soda method was employed. 

When two specimens passed on the same day were examined by the 
soda and barium processes the soda extract showed very faint bands, 
the barium extract none at all. 

Of this urine about 600 c.c. were collected, including that secreted 
during sleep, and the specimen was precipitated with soda. By this 
means an extract was obtained which showed the acid spectrum distinctly. 
The solution was rendered alkaline and shaken with chloroform, which, 
contrary to expectation, took up the pigment readily, and showed a 
distinct alkaline hematoporphyrin spectrum. 

There could no longer be any doubt that in this instance at any rate 
the pigment which yielded the extremely faint bands in the acid extracts 
from soda precipitates was actually hæmatoporphyrin, and the presump- 
tion was greatly strengthened that the same was true of other normal 
specimens in which similar appearances were observed. 

I do not intend to enter here upon any discussion of the interesting 
question of the origin of urinary hematoporphyrin, because it appears 
to me that the evidence as yet forthcoming is quite insufficient for its 
solution. I hope that further study of the subject may supply firmer 
foundations for the construction of a theory to account for its presence 
in greater or less amounts, and will therefore reserve for the present 
such data bearing upon the question as my work has hitherto supplied. 
Especially does it seem probable that the power possessed by sulphonal 
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of causing in some cases the excretion of the pigment in large quanti- 
ties, may serve to throw light upon the processes which lead to its 
appearance in the urine in various morbid conditions, and even in 
health. That sulphonal does actually possess this power it is hardly 
possible to doubt in face of the evidence which has recently been accu- 
mulated. 

In conclusion it will be well to sum up briefly the results embodied 
in this paper. 

1. A pigment is present in the urine both in health and disease 
which exhibits so close a resemblance to hematoporphyrin, that it must 
be at any rate regarded as one of the group of compounds included 
under that name. 

2. The most delicate means of detecting this pigment in the urine 
is by precipitating with potassium or sodium hydrate (with the addition of 
calcium phosphate if necessary), and preparing an acidulated alcoholic 
extract from the precipitate. This process also yields a purer extract 
than any other hitherto proposed, but is unfortunately not absolutely 
certain in its action. 

3. Acid solutions of urinary hematoporphyrin yield spectra identical 
with that of hematoporphyrin prepared from blood, and when free from 
urobilin show no band between b and F. 

4. In alkaline solution the pigment usually exhibits the character- 
istic four-banded spectrum of hæmatoporphyrin, but the fifth band 
described by MacMunn is occasionally present, as in the spectrum of 
a product of the reduction of hæmatoporphyrin or of hematin, and of 
some specimens of hematoporphyrin prepared by the sulphuric acid 


5. The neutral spectrum and the spectrum of solutions treated with 
zinc chloride and ammonia are identical with those yielded by hemato- 
porphyrin prepared from blood, when treated in the same manner. 

6. The urinary specimens, when pure, have the characteristic pink 
colour of hematoporphyrin both in acid, alkaline and neutral solution. 

7. They exhibit differences of chemical behaviour comparable with 
those observed between specimens of hematoporphyrin prepared by 
different processes from blood pigment. . 

8. The pigment is frequently present in exceedingly minute quan- 
tities in the urine of healthy individuals, and in larger amounts in the 
urines of sufferers from a great variety of diseases. 
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NOTES ON THE ARRANGEMENT OF SOME MOTOR 
FIBRES IN THE LUMBO-SACRAL PLEXUS. By 
CHARLES S. SHERRINGTON, MA, MB, Lecturer on 
Physiology, St Thomas's Hospital, London, Fellow of Gonville 
and Caius College, Cambridge. (Plates XX., XXI., XXII, XXIII) 


Section I. 


AT the commencement of some observations on the reflex mechanisms 
of the spinal cord in the Monkey, I was met by difficulties which 
made it desirable to attempt for that animal a somewhat particular 
examination of the distribution of the efferent and afferent spinal nerve- 
roots belonging to the lower half of the body. Various interruptions 
incidental to the work have delayed its progress sufficiently to make 
one desirous to record at this time some of the results obtained. The 
present communication has reference chiefly to the distribution of the 
efferent fibres of the roots. aa 
For the study of the functions of the spinal cord, it is of importance 
to know accurately the positions of the central and peripheral structures 
between which the fibres of the spinal nerves constitute links. An 
examination of the distribution of the efferent roots promises the more 
interest since the researches of Ferrier and Yeo’ have led those 
observers to conclude that the complex of efferent fibres gathered 
together in each motor root is the outcome and the representative of 
some one highly coordinate functional synergy” in the musculature, 


Proc. Roy. Soc. March, 1881. 


‘Mr t 
> 
3 
7 
é 
4, 
* 
- 
7 
— 
7 
4 
* 
7 


622 C. 8S. SHERRINGTON. 


Analysis of the motor root will in that case mean analysis of a 
functional motor combination of high physiological significance. . 

The fine interchange of filaments between nerve trunk and nerve 
trunk, and the detours and loopings which nerve filaments exhibit in 
the course of their distribution through a plexus, are too intricate for 
unravelling by dissection and the methods of descriptive anatomy ; 
much assistance can however be rendered by physiological methods. 
It is true that physiological experiment in this field can only by 
analogy be applied to the particular case of man, and that it is precisely 
the case of man that imbues the problem with greatest practical 
interest. In certain regions of the human body the skilful care of 
the dissector has achieved much; but discrimination between afferent 
fibres and efferent fibres is unfortunately at present beyond the power 
of anatomy. In the case of man, the facts won by pure anatomy have 
been illuminated at various points by evidence afforded in disease, and in 
the accidents of injury (cf. Thorburn’s valuable Surgery of the Spinal 
Cord). The interpretation of this pathological evidence is however 
generally difficult, and the accumulation of sure knowledge from such a 
source, as regards many regions of the body, extremely slow of progress. 


It i is nearly sixty years since a remarkable letter was written he 
Panizza to Maurizio Buffalini in Pavia (Annali Universuli di Medicina, 
1835). In it together with various experiments in examination and 
extension of Majendie’s and Bell’s observations on the sensory and 
motor roots of the cerebro-spinal nerves, there are related what appear 
to be the earliest physiological experiments on the arrangement of the 
nerve fibres of the spinal roots in the nerve plexus of a limb. As to 
the significance to be attached to nerve plexuses, various hypotheses 
had been advanced by Reil“, Scarpa’, A. Monro*, Soemmering“, and 
others, but it is unnecessary to dwell upon them here as they are 
conjectures unsupported by evidence. 

Panizza’s letter states as a remarkable fact regarding the arrange- 
ment of the motor fibres of the lumbo-sacral plexus, that when one 
anterior root only is cut, la facoltà moscolare dell’ arto continua a mani- 


De Nervorum Structura, p. 14. 

2 De Gangliis et Plexibus. 

Observations on the Structure and Functions of the Nervous System, p. 34. 
Anatom. Pars guinta. 
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festarsi, anche subito dopo |’ operazione in tutta la sua vigoria.” When 
even as much as two-thirds of the nervous mass which is distributed 
to the muscles of one or several joints is cut away, the movements of 
the limb, although assuredly weakened for the moment, in a short time 
return with all their original vigour, “sicché |’ animale corre e salta come 
se nulla avesse sofferto. Basta in fine rimangli un solo filamento, 
perché gli movimenti gradatamente ricuperino la usata forza; troncato 
il quale, cessa nella parte immediatamente ogni moto.” This peculi- 
arity of the motor nerves must mean, Panizza suggests, that the 
innervation determining the movements of a limb is based on a number 
of nerve roots which have community of function, so that the quality of 
the conduction chain between the motor mechanisms of the spinal cord 
and muscles of the limb remains the same whether all the roots or only 
one be present, but the size of the path is less in the latter case, and 
the rate of conduction along it is slower. D' onde, se male non mi 
appongo, apparisce |’ uso dei plessi nervosi, per l' immischiamento che 
fanno dei filamenti di diverse radici aventi una funzione medesima, 
quando per una lesione qualunque venga interrotta la continuita degli 
altri filamenti.” 

He thus supposes each original motor “filament” entering into a 
plexus is capable of maintaining in its integrity the motor function of 
the whole plexus; and that the purpose subserved by the plexus is the 
assurance of alternative accessory paths in case of injury. According to 
him then the limb plexus has a physiological rather than an anatomical 
significance, 

On the other hand, John Miiller at the same epoch wrote, “through 
the plexus definite aggregations of nerve fibres for definite natural 
groups of motile and sensitive parts are combined, and the further 
distribution of any one nerve to a group rendered easier. The latter 
combination it is possible to consider simply as anatomically convenient 
and the outcome of the position of the parts.” Thus Miiller inclines to 
an anatomical significance for the plexus. 

In the first edition of his Handbuch der Physiologie des Menschen’, 
Miiller (nach eigener Untersuchung) laid down as one of the laws 
of conduction of the nervous principle along motor nerves that “a 
spinal nerve that enters a plexus and contributes with the other spinal 
nerves to a large nerve trunk imparts its motor power not to the wholé 
nerve trunk but only to those fibres with which it is continuous within 


1 Vol. U. (1884) p. 685 Abschnitt 3. 
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the nerve trunk and its branches“ He referred to experiments on 
the lowest four nerve roots of the frog. He wrote One excites the 
nerves separately either mechanically with a needle or with galvanism 
by letting both poles act on the nerve, and the current go through the 
thickness of the nerve, while each nerve that contributes to the plexus 
is isolated from the rest on a glass plate.“ Of the three nerves which 
form the plexus of the hind limb, the first when excited causes twitches 
on the inner side of the thigh, the second “twitches of the muscles of 
the thigh and leg, but not of the foot, the third movements of the thigh, 
leg, and foot.” 

Van Deen! arrived at conclusions similar to Müller, but experi- 
mented by a different method. He separately cut through each nerve 
entering into the sacral plexus of the frog, and found that in spite of 
the communications of the nerves, different muscles were paralysed. 
After section across the N. inguinalis the frog performed all movements 
of the limb except flexion of the hip; after section through the 2nd 
nerve of the plexus the movements of the thigh and leg were lost, but 
those of the foot remained. After section of the 3rd nerve of the 
plexus the foot, and in part the leg below the knee, was paralysed. If 
the sciatic nerve were split down along its length, there ensued a 
paralysis as complete as if the whole sciatic had been cut across. 

In 1834 the medical Faculty of Berlin offered a prize for a work on 
the following theme: 


Indagentur structura et virtutes plexuum nervorum ; anatomica et micro- 
scopica observatione exquiratur, utrum fibrillae quae vocantur primitivae 
nervorum plexum brachialem, lumbalem sacralemve intrantes, in ipso plexu 
oonfluant, an sine vera earum anastomosi solummodo decussentur misceantur 
novo ut ordine prodeant; praeterea experimentis in animalibus frigidi 
calidive sanguinis instituendis evincatur, utrum irritatio in nervum, qui 
plexum intrat, agens per consensum in toto plexu et per nervos inde oriundos 
ad omnes musculos propagetur, an irritatio nervi intrantis per aliquas solum 
plexus partes in continuatas ejusdem nervi fibrillas singulosque musculos agat: 
unde natura plexuum nervosorum eorumque differentia ab anastomosibus 
vasorum dilucidetur.” 


There is little doubt that it was at the instigation of John Miiller 
himself* that the theme thus announced was set. To the essay of H. 


Van Deen. De differentia et nexu inter nervos vite animalis et organismi. Leyden, 
1834, 


* Of. Kronenberg, p. 2. Primas rei propositae lineas illustrissimus Prof. Mueller 
adumbravit.“ 
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Kronenberg the prize was awarded in 1836. His work was the 
result of lengthy investigation carried on both by dissection and excita- 
tion. Dissections were made upon the brachial plexus of man and 
the rabbit: excitations on the brachial nerves of the rabbit and the 
lumbo-sacral of the frog. Nine dissections of the brachial plexus of 
man simply confirmed three by Scarpa, and four by Haller, in the De 
Gangliis et Plexibus, Lib. I., showing that the contribution of the 
various spinal roots to the chief nerve trunks of the plexus is not quite 
constant, and that the more common arrangement is as follows: 

Suprascap. 5, 6. 

Muse. cutan. 5, 6, 7. 

Median 5678 or 56781. 

Ulnar 56781 or 781 or 81. 

Axillary as often 56781 as 567. 

Radial as often 56781 as 678. 

Int. cut. 81. 


On the brachial plexus of the rabbit his anatomical work yielded no 
result that need be remarked upon here except the comment that he 
did not, any more than his predecessors, detect the contribution from 
the 2nd thoracic to the plexus which is so commonly present. As to 
the question whether primitive nerve fibrils, which Fontana! had 
shown not to remain separate from one another in their course along 
the nerve trunks, become united together in plexuses or become only 
juxtaposed by decussation, his search with the microscope led him 
to confirm the previous opinion of Miiller and Van Deen that they 
are juxtaposed not united, Verbinden sich die Primitivfasern unter 
sich niemals, so steht das Hirnende einer Primitivfaser immer auch 
nur mit einem einzigen peripherischen Ende in Zusammenhang und 
dem peripherischen Ende entspricht nur eine einzige Stelle im Gehirn 
oder Riickenmark.” 

Kronenberg’s experiments on the rabbit consisted in laying bare 
individual cervical nerves and exciting them either by mechanical or 
galvanic stimuli. He noticed by inspection which muscles twitched : 
on stimulating 5th cervical ; lat. dorsi, triceps, deltoid, teres. 

6th cervical; lat. dors., triceps, biceps, pronator, and the flexors of the 
hand. 

7th cervical; lat. dors., pect., teres, deltoid, triceps, biceps, brach. int., 
extensors of forearm. 


1 Sopra il veneno della vipera. Lucca, 1777. 
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8th cervical 8 teretes, triceps, flexores man. et digit. 
pronat. rot. biceps, extensores man. et digit. 

Ist thoracic; same as 8th cervical. 

Two of his conclusions are the following. 1. The excitation of a 
single nerve root before its entrance into the plexus produces contrac- 
tions of almost all the muscles of the limb. In this way the spinal 
cord is able from any point whence a cervical nerve springs to bring 
about the most different movements. Hence only a little part of the 
central organ is put under strain or tired, in order to bring about 
coordinated work and movement. 2. The plexuses support the power 
and endurance of the central nervous system and prevent their too 
quickly tiring, because when coordinate movements are to be set going 
another part of the central organ which represents the same movements 
can function when the first part is exhausted. 

By Kronenberg’s work a fundamental question found a definite 
answer. Do the primitive nerve-fibrils actually fuse in a plexus? 
Miiller in his text-book in 1834, believed the answer to be “no.” 
Panizza agreeing with Fontana had believed “yes.” Van Deen on 
the other hand supported Miiller, and Kronenberg demonstrated the 
correctness of Van Deen’s and Miiller’s opinion. 

The next step taken was by Eckhardt. He examined the sciatic 
plexus of the frog. The following are the more important of his results 
and conclusions’. 

Excitation of the whole 8th root of Rana causes flexion of ankle, 
with extension and bringing together of toes. Stimulation of whole 9th 
gives flexion and opening apart of toes. 

A great number of muscles obtain nerve-fibres, each of them from 
several nerves; there is a good deal of individual variation. Most 
of the thigh muscles almost always, some of the leg muscles sometimes, 
from three spinal nerve roots. Ist ein Nerv unverhältnissmässig dick, 
so werden die Überzähligen Fasern nicht alle oder vielleicht gar nicht 
dazu verwendet dieselben Muskeln mit mehr Fasern sondern mehr 
Muskel als gewöhnlich zu versehen.“ 

„Es findet nicht allgemein eine Vertheilung der Fasern ver- 
schiedener Nerven in der Weise statt, dass die des einen zu einer be- 
stimmten Muskelgruppe von gleichartiger Function, während die eines 
andern zu einer andern gingen; ja es liegen sogar in einer oder derselben 


1 Zeit. f. rat. Med., Vol. vl. p. 806, 1849. 
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Nervenbahn Fasern die zu Muskeln von entgegengesetzter Function 
bezuglich eines u. desselben Knochens gehen. Denn in der Bahn des 
7 liegen Beuge- und Strecknerven zugleich der Zehen.“ 

Eckhardt made his research in C. Ludwig’s laboratory. Three 
years later at Ludwig’s suggestion the Medical faculty at Zurich 
offered a prize for ‘a thesis on a similar theme. In which muscles and in 
which parts of the skin do the nerve roots that enter into the formation of 
the brachial plexus terminate? The prize was awarded to J. Peyer in 
the following year. His research was carried out upon the rabbit, under 
Ludwig's direction. Peyer“ used for excitation weak induction shocks 
and electrodes sheathed to their tips. 

Peyer’s conclusions were : 

Most muscles receive their nerve fibres from more than one, 
occasionally indeed from three, nerve roots. Sometimes the contraction 
of a muscle on excitation of different roots innervating it is obviously of 
different degree. 

One and the same root does not always supply in different 
individuals exactly the same muscles, but the variation is slight and 
does not seriously disturb the general picture of the contracting 
group. 

Muscles which are near together receive their motor fibres from 
nerve roots which are near together,—an exception to this being the M. 
extensor carpi internus. 

Nerve roots leaving the cord further back supply progressively 
muscles lying nearer the hand. 

One and the same nerve root is not devoted exclusively to the 
excitation of a muscle complex such as denoted by the term Extensors, 
Flexors, &c. The same nerve root supplies with sensory fibres as a 
rule those parts of the skin beneath which lie the muscles it inner- 
vates. 

Eight years later Krause“ repeated Peyer’s work, using the same 
limb and the same species. He modified Peyer’s conclusions in 

several minor points. The combined results of the two writers may be 
tabulated thus: 


1 J. Peyer. Ueber die peripherischen Endigungen der motorischen u. sensiblen 
Fasern der in den Plex. brach. des Kaninchens eintretenden Nervenwurzeln.” Zurich, 
1858. Arch. f. rat. Med. u. iv. 67, 77. 

2 Beitriige zur Anatomie der oberen Extremitit. 1861. 


* 
4 
4 
4 
2 
7 
4 
7 
54 
J 


628 C. S. SHERRINGTON. 


Name of muscle. C5 | C6 | C7 0s DiI 


M. pectoralis minor 
M. deltoides + 


M. supraspinatus + 
M. 

M. teres minor 

M. abductor brachii superior 
M. abductor brachii longus 

M. coracobrachialis 

M. extensor parvus antibrachii 
M. anconaeus 


+ 
++ 
++ 


Forearm 


M. pronator 

M. flexor carpi internus 

M. flexor digit. prof. 

M. flexor digit. subl. 

M. palmaris 

M. flexor carpi externus 

M. abductor carpi 

M. extensor carpi externus 

M. extensor digit. communis 

M. extensor pollicis ‘ 

M. extensor carpi radialis + + 

M. adductor carpi 

M. flexor digiti minimi 
Hand 


Mm. lumbricales + 
Mm. interossei + 


++ 
1 771177 


+ 


++ 


Further important conclusions arrived at by Krause were the 
following : 

j. The so-called nerve trunks are in truth nerve plexuses, the 
meshes of which have very acute angles, both toward the cord and 
toward the periphery’. 

ii. The larger muscles are supplied by nerve fibres from several nerve 


1 Of this his book contains an excellent plate in illustration. 
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— They stand therefore in connection with various segments of the 


spinal cord. 

iii. The parts of the upper extremity which are nearer the hand 
receive their nerve fibres from roots which are nearer the lower end of 
the cord. This is true of the sensory as well as of the motor fibres. The 
absolutely longest nerve fibres come from the 8th cervical nerve. 

iv. The muscles receive the nerve fibres from the spinal nerve roots 
which supply the skin over them and their tendons, the muscle fibres 
belonging to the several tendons receive separate nerve trunks, which 
may take their origin from different nerve roots. 

v. Regarding abnormal nerves, it appears that abnormalities only 
occur in the course of the nerves from the centre to the periphery— 
the final distribution at each end remains invariable. 

The intrinsic muscles of the foot are, according to Peyer and 
Krause, in the rabbit innervated from one nerve root only, namely the 
first thoracic. Later, in his Anatomie des Kaninchens (1868) Krause 
mentions that a branch from the second thoracic nerve goes to the 
plexus, but concludes that it is too small to modify the results already 
published by him. 

After the appearance of Krause’s e on the roots of the 
brachial plexus, sixteen years elapsed without further contributions of 
the kind. Then, in March, 1881, Ferrier and Yeo' published an 
account of excitation experiments on the roots of the limb plexuses in 


monkeys. Their results are too well known to require detailed de- 
‘scription here. Their observations relate chiefly to the movement 


produced by the excitation of the root, and deal less with the particu- 
larisation of the individual muscles involved. Their observations may 
be epitomised for the purposes of this paper as follows, the correction 
published by themselves two years later for the numeration of the roots 
of the brachial plexus being incorporated. 

5th cervical. Elevation and retraction of the arm, flexion and 
supination of the fore-arm ; by the rhomboids, spinati, biceps, brachialis 
and supinators. 

6th cervical. Similar to the last, but without retraction of the 
arm, and with extension of the wrist and first phalanges; by the deltoid 
serratus, flexors of elbow, extensors of wrist, and 222 extensors of 
fingers. 

7th cervical. Adduction and retraction of the: upper arm, extension 


1 Proc. Roy. Soc. . 
PH. XIII. 41 
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and pronation of the fore - arm, flexion of the wrist; by contraction of 
the pectoralis, latissimus dorsi, triceps, flexors of wrist, pronators. 

8th cervical. Adduction and rotation inwards at the shoulder-joint, 
flexion of the wrist, and of the fingers at the second phalanx by the 
teres major, latissimus dorsi, subscapularis, triceps, and long flexors of 
the fingers. 

Ist dorsal. Flexion of fingers and thumb so as to close the fist; 
flexion of wrist towards the ulnar side, pronation of fore-arm, extension 
of elbow; by the intrinsic muscles of the hand, the long flexors of the 
fingers and thumb, the flexors of the wrist, and the triceps. 

2nd dorsal. Adduction of the thumb, flexion of the fingers at meta- 


carpophalangeal joints; distal phalanges slightly extended, fingers 


On the lumbo-sacral roots experiments were performed by Ferrier 
and Yeo, six in number. Two of the experiments were, they state, 
incomplete. What species of monkey was used is not mentioned. 
They did not include the 2nd sacral root in their experiments: this 


root however undoubtedly goes into the limb plexus. 


Ist sacral. Adduction and flexion of hallux (basal phalanx), flexion 
of the proximal phalanges of the toes, with slight separation and exten- 
sion of the distal phalanges. The tail moves to the same side. 

7th lumbar. Flexion of the leg (hamstrings), plantar flexion of the 


foot (sacral muscles), adduction of the hallux and flexion of the proximal 


phalanges (as in Ist sacral) with the addition of flexion of the hallux at 
the distal phalanx (long flexor). Thigh slightly rotated outward. The 
tibial and peroneal muscles and long flexors of the fingers do not act. 

6th lumbar. Rotation outward of the thigh (which assumes a 
position midway between extension and flexion), flexion of the leg with 
inward rotation, plantar flexion of the foot with flexion of the hallux 
and toes at their distal phalanges. The outer edge of the foot is some- 
what raised. Action of muscles in the gluteal region, the hamstrings, 
sacral muscles, long flexors, tibialis anticus and posticus, the peroneal 
muscles and the extensors of the toes. 

5th lumbar. Extension of the thigh, extension of the leg, and 
pointing of the great toe. Muscles in action are gluteal, adductors, 
extensor cruris, and peroneus longus. 

4th lumbar. Flexion of the thigh on the pelvis, extension of the 
leg. Muscles in action are the sartorius, adductors, extensor cruris. 

3rd lumbar. No action on the leg. 

2nd lumbar and Ist lumbar. Contraction of some muscles in the 


flank and hypogastric region. 
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In July of the same year Paul Bert and Marcacci' published the 
results of excitation-experiments in the cat and dog on the motor roots 
of the lumbar region. These resylts were as follows: 

Ist lumbar. Sartorius, recty psoas. Flexion of hip. 

2nd lumbar. Anterior of Vastus externus, Vastus internus, 
Tensor fasciae latae. Extension of knee. 

3rd lumbar. Part of Vastus externus, anterior portion of biceps, 
(not posterior portion ; the anterior part extends the limb, the posterior 
part flexes it). 

4th lumbar. Posterior part of biceps, semitendinosus, semi-mem- 
branosus. Flexion of knee. | 

5th lumbar. To the tail. 


They concluded from their experiments (i) that each root produces a 
coordinate movement and consists of fibres functionally associated, (ii) 
that only when a muscle is functionally divisible its nerve supply is 
multi-radical ; e.g. biceps cruris. 

In 1883 Forgue and Lannegrace published researches on the 
distribution of the motor roots to the limb muscles. Their first com- 
munication seems to have been in the Gazette Hebdomadaire des 
Sciences Médicales de Montpellier*. To a copy of this I have not 
been able to refer. The Comptes Rendus for the following year“ 
however contains three reports of their experiments by themselves. 

As to the upper limb they make an epitome based on experiments 
in the dog and in the monkey from which I extract the following :— 

Ist thoracic. (1) à l’innervation du fiéchisseur sublime, du fléchis- 
seur propre du pouce, de la partie extréme du fiéchisseur profond et des 
muscles de I’éminence thénar; (2) du cubital antérieur, de la partie 
interne du fiéchisseur profond, des muscles de I’éminence hypothénar 
et des interosseux, (3) des muscles de la région postérieure de l’avant- 
bras.” They do not recognise that the 2nd thoracic root innervates the 
hand and forearm in the monkey. 

Their account of the distribution to the lower limb is more brief. 
It is prefaced by the remark that the highest lumbar root of man is 
tripled in the dog and monkey. The results obtained from those 
animals are translated into the nerve-roots of man on that supposition. 
As I am not disposed to agree with their view that the first lumbar 


! Soc, de Biol. July 29, 1881. Also Lo Sperimentale. Oct. 1881. 
* No. 5. 1888. 


2 p. 685 and p. 1068. 1884. 
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nerve of man is represented by three in monkey, it has seemed best 
to give their results in their own words but in the actual numbering 
of the nerve roots of the monkey. 

The first, second and third do not contribute to the limb in dog or 
monkey. The 4th: (1) à Linnervation du psoas-iliaque (fortement) du 
pectiné, du couturier du droit antérieur, du vaste interne, (2) du droit 
interne et du premier adducteur. The 5th: à innervation (1) du 
psoas-iliaque, du couturier du droit antérieur, du vaste interne et du 
vaste externe, (2) de toute la masse des adducteurs et du droit interne. 
The 6th: à l’innervation (1) du psoas et du vaste externe; (2) du 
grand adduct., (3) des muscles fessiers, du biceps, du demi-membraneux, 
du demi-tendineux, du grand adducteur, du jambier antérieur, des exten- 
seurs des orteils et des peroniers; faiblement à l'innervation du triceps 
sural, du long fiéchisseur commun des doigts et du long fléchisseur propre 
du gros orteil. The 7th: à l’innervation (1) des muscles fessiers, (2) des 
muscles fiéchisseurs du jarret, (3) du triceps sural, du jambier postérieur 
et des fiéchisseurs des orteils. The 8th: à l’innervation de tous les 
muscles de la région postérieure, de la jambe et de la région plantaire. 
The 9th: & la meme fonction que la précédente. 

In the Comptes Rendus, the authors declare the following conclusions, 
based on their experimental observations on the two limbs. The 
majority of muscles are innervated by several roots. 

Excitation of a root determines in the muscles which it supplies a 
total, not a partial contraction. The tributary fibres of the root are 
disseminated through the muscle supplied by it and not cantonnée in 
a special zone of it. 

Each root has a muscular distribution almost absolutely constant in 
the animals of its own species. The functions of analogous roots differ 
very little in different mammalian species. 

Each root supplies muscles of very various, often of antagonistic 
action, Excitation of a root gives a combined movement but this 
movement is artificial not functional. 

The roots that pass furthest into the member occupy the lowest 
position in the cord. The innervation of the two planes of flexors and 
extensors is not always symmetrical. The superficial layers are sup- 
plied before the deep. As the stimulation of the brachial roots 
approaches the dorsal region the contractions pass from the radial to 
the ulnar border. 

It is curious that these authors do not remark that the roots of the 
cat and dog and monkey do not in the lower limb correspond: they 
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apparently consider them to be equivalent number for number. It is 
not stated in their report what species of monkey they employed. 

In 1887 appeared a paper by Herringham! which has an intimate 
bearing on the present theme, although it deals only with the upper 
limb plexus and is based on the method of naked-eye dissection. The 
paper treats of the anatomy of the human brachial plexus examined in 
some fifty individuals, The results naturally labour under disadvantage 
from inability to distinguish clearly between afferent and efferent nerve 
fibres; but the facts and conclusions are nevertheless very valuable. 
Herringham proceeded to the formulation of certain “ Laws.” Of these 
the first runs, “any given fibre may alter its position relative to the 
vertebral column but will maintain its position relative to other fibres.” 
The second, “Of two muscles or of two parts of a muscle, that which 
is nearer the head end of the body tends to be supplied by the higher, 
that which is nearer the tail end by the lower nerve. Of two muscles 
that nearer the long axis of the body tends to be supplied by the higher, 
that which is nearer the periphery by the lower nerve. Of two muscles 
that which is nearer the surface tends to be supplied by the higher, that 
farther from it by the lower nerve.” He also points out that muscles 
which cause the same movement are not always supplied by the same 
nerve root. The action of the two pronators is indistinguishable, but 
the teres is supplied by the 6th root, the quadratus by the 8th and Ist 
dorsal. The Ist dorsal root was not found to send any filaments into 
the hand, the 2nd dorsal root is not mentioned as a constituent of the 
human plexus. Of the two“ Laws the first is I believe the earliest 
statement of an important truth. 

Langley in the course of a paper“ on the distribution of the sweat 
nerves of the foot of the cat refers to the movements produced in the 
hind limb of the animal by excitation of the roots of the lumbo-sacral 
plexus: he approaches the subject with a desire to ascertain whether 
the amount of variation, which he found to be considerable in the 
distribution of the sweat nerves (sympathetic system) has a correlative 
in the distribution of the nerves to the skeletal muscles of the limb. 
Like Kronenberg, Eckhardt, and Peyer, he found that excita- 
tion of the same nerve root does not always produce quite the 
same movements in the limb. Like Kronenberg, Eckhardt, and 
Herringham, he found that the proportion of contribution by 


1 Proc. Roy. Soc. Vol. XII. p. 440. 
* This Journal, Vol. xm. p. 366. September, 1891. 
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individual roots to the limb plexus is variable, and that the muscular 
distribution varies with that variation. The variations in the root 
contributions to the lumbo-sacral plexus of the cat are figured and 
arranged by Langley into three classes. My own experiments on the 
cat were running concurrently with those of Mr Langley. As in one 
section of this paper when mentioning my own I shall have to refer to 
his observations again, I will not here repeat the epitome of the limb 
movements which he gives. It is to be noted that his results differ 
widely from those obtained in the cat by Bert and Marcacci, and 
resemble those obtained by Forgue and Lannegrace in cat and dog. 


Section II. 
METHOD EMPLOYED. Limp MUSCLES. 


In the several researches which have had for subject the motor 
functions of the anterior divisions of the individual spinal roots of the 
limb plexuses, the leg plexus of the mammal has been less studied 
than has the plexus of the mammalian fore-limb. 

I have employed for observation the frog, rat, rabbit, cat, dog, and 
monkey (Macacus) ; the five first-mentioned types chiefly for the sake of 
comparing them with that last mentioned in the list. 

To stimulate the individual nerve roots the spinal canal was laid 
open, the animal being deeply anzsthetised with a mixture of chloro- 
form and ether. In the case of the upper lumbar roots usually the 
whole root, both anterior and posterior divisions of it, was ligated, and 
cut through close to its point of transit across the dural sheath. By 
careful dissection it was freed to a considerable distance from the cord 
and lifted by a thread well up in the canal and drawn between well 
sheathed platinum electrodes (two mm. apart). In the case of the 
upper sacral and lower lumbar nerve roots the dural sheath of the cord 


having been laid open, the posterior roots were cut through, and the 


anterior rootlets were followed in one or more bundles to near the 
point of their exit beside the anterior column of the cord; to do 
this satisfactorily often involved the removal of a short length of the 
spinal cord. In following the rootlets from their point of exit from 
the dural sheath a loop of silk was in the earlier experiments slipped 
round the bundle of rootlets near the point of exit, and then pushed 
gradually up toward the cord; fine but tough threads of fibrous tissue 
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tie the root filaments down, and this plan requires considerable care in 
avoiding damage to the root filaments. The connective tissue threads 
hinder the easy travelling of the loop, and it is better, because 
involving less risk of damage to the nerve fibres of the root bundles, 
to separate and follow up the bundles with a little polished metal hook. 
When followed to the point of their origin from the cord isolated 
bundles of rootlets five and six centimetres long are easily obtainable : 
these ligated, cut by the scissors and with their upper ends lifted well 
out of the canal drawn between the points of platinum electrodes were 
employed for stimulation. 

To stimulate the anterior roots of the upper lumbar nerves it is well 
to excise a sufficient length of the cord, carefully preserving the 
anterior rootlets, and to follow at the risk of a little hæmorrhage the 
root in its dural sheath for a short distance through the intervertebral 
foramen, otherwise the roots are too short to stimulate without risk of 
escape of current. 

For excitation induction shocks in rapid series from the sledge 
inductorium (R. Ewald’s pattern) were employed. The secondary coil 
was usually at a distance from the primary more than double of that at 
which the induced currents were perceptible on applying the platinum 
electrodes to the tongue. In the primary circuit a single 1 pint 
Daniell cell was used. 

In many instances the spinal root to be investigated was excited 
from the cortex cerebri, the root being previously isolated by section of 
the spinal roots adjacent to it. 

In the course of the experiments it became clear that frequency 
of individual variation, as regards the anatomical and physiological 
constitution of the efferent roots of the lumbo-sacral region, is suffici- 
ently great to demand the recognition of a forward and a hindward 
class innervation for each muscle and each movement. There is a 
forward class of individuals in which the roots connected with the 
muscles and the movements lie further forward (headward) than do the 
roots connected with the same muscles and the same movements in a 
hindward type of innervation. Since reference to this distinction must 
constantly recur in this paper and is of fundamental importance for 
appreciation of the problems involved, it seems well to avoid periphrasis 
and misunderstanding by using in reference to it special terms. A 
plexus and its trunks and branches will therefore be referred to as 
preſiæed if containing spinal root-filaments attached to the cord further 
forward (headward) than are the root-filaments entering the correspond- 
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ing trunks and branches of a converse class of plexus which will be 
referred to conversely as postfixed’. 

Thus, in the frog there is a prefiwed class of plexus for the hind 
limb, in which, for instance, the vii root, as well as supplying the 
antero-internal thigh muscles, supplies muscles in the leg. There is a 
post i d class in which the leg muscles are supplied by the viii and 
ix roots only. The postfived class as measured by this standard is the 
more usual. The preponderance of the one type may be merely 
because the above criterion, found convenient for distinguishing in any 
individual case the direction which variation has taken in it, headward 
or tailward, does not coincide with the mid point about which individual 
variation is in the species really oscillating. Indeed we have not as 
yet evidence to shew that in this instance variation is oscillating about 
a single mean or maximum of frequency of individual examples. If a 
Curve of Error, to follow the term employed by Galton, were con- 
structed it might here exhibit two maxima, one either side of the mean 
point. 

By prefixed and postfixed classes it is not intended to imply that in 
the range of individual variation no one type is more_ frequently 
exemplified than are others; it is only meant that so frequent is the 
variation and so few are the data at present before us that it is not 
certain that any one type is sufficiently predominant to warrant the 
selection of it as “the normal” one, and that therefore it is better to 
treat the composition of the plexus of the species as multiple and for 
convenience to divide it into classes. I have thought two classes, 
prefixed and postfixed, distinction sufficient to observe in the present 
description. As in the frog, so in the other animals employed, the 
preſiæed and postfiwed class of plexus have both been exemplified by 
individuals taken from each species. 


Frog. 


A determination of the muscles supplied by the 7th, 8th and 9th 
nerves, namely those nerves forming the sciatic nerve, was attempted as 


1 In a preliminary abstract of the results detailed in this paper (Proc. Roy. Soc. 
1892) I employed instead of prefixed and postjized the terms preazial and postazial, 
the axis referred to being of course the axis of the limb. These terms I had been 
in the habit of using in my laboratory notebook although I had always felt them to be 
somewhat clumsy for their purpose. After the publication of the preliminary abstract, 
Dr Tooth very kindly wrote drawing my attention to the want of clearness of the terms, 
and I have determined to replace them by the above. 
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long ago as 1849 by Eckhardt’. He used induced currents and he 
noted that the same anterior root does not always innervate exactly the 
same muscles. 

On the frog my own experiments have been upon the 7th, 8th, 9th 
and 10th nerve roots. 

Root vii. Excitation causes the limb to be flexed and slightly 
adducted at the hip joint. It produces also some contraction of the 
lower part of the abdominal wall. As subminimal stimulation is 
gradually increased to and beyond minimal efficiency the sartorius is the 
first muscle to contract, then the three adduetors. Six experiments all 
gave this result. As to the share of this root in the nerve supply to the 
pre-tibial and post-tibial muscle groups of the leg, when the knee was 
fixed and the contractions of the two sets of muscles recorded separately 
but synchronously in the myograph, excitation of root vii (by tightening 
a thread ligature or by pinching with fine ivory forceps) gave in two of 
twelve experiments, contraction of the pre-tibial set, and in one of those 
cases a slight contraction of the post-tibial set as well. Hallstén 
has noticed with regard to the nerve supply of the gastrocnemius, that 
the muscle can sometimes be caused to contract by excitation of 
root vii, sometimes not“. 

The position assumed by the limb after section of the 8th and 9th 
nerves is, when the frog is supported from the axillae, semi-extension at 
hip, knee, and ankle with some adduction, and tilting so that the foot 
tends to be placed somewhat in front of that of the sound limb. 

Root viii. Excitation causes the limb to be flexed at hip without 
obvious adduction; at knee extension, at ankle extension (straight- 
ening); little or no separation of digits but flexion of digits and 
metatarsus. 

Passing from sub-minimal to efficient stimuli there is extension of 
knee, flexion of digits, extension of metatarsus, extension of ankle; the 
toes can be separated by this root. 

Tested in myograph in the manner above stated root viii was found 
in all of ten experiments to supply both pre-tibial and post-tibial sets of 
muscles; the contraction was vigorous in each group (fig. 3, XXIII.). The 
muscles which the nerve most easily brings into play are apparently 
those on the dorsum of the foot. When the three other roots are divided 
leaving only root viii the limb assumes a characteristic attitude ; flexion 
at hip, knee, and extension at ankle. On giving a small dose of strychnia 


1 Zeit. f. Rat. Med. vii. 806. 
2 Arch. J. Physiol. 1885, p. 167. 
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however it becomes evident that the limb can be straightened fairly 
and completely at all its joints. 

When root viii is cut, leaving roots vii and ix, the movements that 
can be performed are: 

at hip— extension good, flexion feeble ; 

at knee—flexion good, extension feeble ; 

at ankle flexion good, but extension feeble ; 

the metatarsus can be extended; in the digits extension and 
separation are both good. 

Root ix. Excitation causes 

at hip—extension without adduction ; 

at knee—extension ; 

at ankle—extension (ie. straightening); in digits separation and 
extension. 

Passing from subminimal to efficient stimuli the first movement is 
flexion of the 4th digit, then flexion of all the digits, then flexion of 
ankle and extension of digits, 

Testing in myograph as above root ix always gave contraction of 
both the pre-tibial and post-tibial muscles, but the contraction of the 
former was less than in reply to excitation of the viii (fig. 3, XXIII.). 
In one case the ext. I. quinti digiti contracted well to excitation of the 
ix, but not well to that of the viii. 

The position assumed when this root alone is left to the plexus 
is semi-extension at hip, knee, and ankle. It is questionable whether 
the flexion at knee is fully perfect. In reply to reflex excitation 
a peculiar lash-like movement often occurs in the limb, running 
down it and ending with a flagellum-like sweep of the toes, especially 
of the quintus. The position assumed by the limb when nerve 
roots vii and viii were cut and root ix only untouched resembled 
closely that taken when root viii only remained intact: flexion at hip, 
knee, and extension at ankle. The extension of the foot is immediately 
removed by cutting the peroneal nerve just below the knee. The 
movements that can be performed with root ix alone intact are at hip 
flexion good, extension feeble; at knee, flexion and extension; at 
ankle extension good, flexion not good. 

10th nerve gives contraction round cloacal orifice. 

In the experiments with excitation mechanical stimuli were gene- 
rally used, all the roots of the sciatic cut and the frog being suspended 
by the arms or the hip and knee fixed in the myograph the whole 
nerve root (ant. and post. divisions together) excited by tying a ligature 
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or pinching with forceps. The roots were not exposed in the spinal 
canal but by removal of coccyx and the flap of skin and muscle to each 
side of that bone. 

It was noticed that, in the experiments on innervation of the 
pre-tibial and post-tibial sets of muscle, that in seven of the eight 
instances in which the 7th nerve did not supply the tibial muscles, that 
nerve appeared smaller than in either of the two cases in which that 
group was supplied from the 7th, while the 9th nerve was larger than 
in those cases and gave a greater contraction of the pre-tibial set of 
muscles than in the five other instances. In one case however in 
which the 7th nerve did not supply the gastrocnemius the nerve 
appeared quite as large, perhaps larger than in any other instance. It 
thus appears that, in the prefiwed class of the frog, which may be 
characterised by the motor fibres for the tibial muscles being contained 
in the 7th nerve, the 8th nerve root is usually obviously larger than 
in the postfixed plexus, but is not always so. 

Not very rarely I have found the 6th root give quite a large branch 
to join the 7th, which receives it about half way between the spinal 
column and the point of formation of the sciatic trunk. In one of 
these cases the 6th root was excited mechanically and gave twitching 
in the rectus femoris anticus. The branch is not mentioned in the 
descriptions of the plexus by Deman, and by Ecker. 


Cat. 


The results I have obtained have not been uniform in this type; 
less so indeed than in the frog. In both species there appears to be a 
prefiaed type, and a postfimed type of origin of the plexus; that 
is to say the nerve fibres which supply a certain muscle or group 
of muscles leave the spinal cord in some individuals higher up or lower 
down than they do usually, and this to such an extent that these fibres 
belong to a nerve root higher, or a nerve root lower in some individuals 
than in others. This fact several times pointed out by various 
observers has in the case of the cat been quite recently adverted to by 
Langley’. That anatomical variations in the sizes of the branches 
which the spinal nerves furnish to the lumbo-sacral plexus, go hand in 
hand with physiological variation, my own experiments and dissections 
have shown in accord with the results already mentioned by Langley. 

The postfixed class of plexus. 

The more usual in my experiments including 17 out of 27 


1 This Journal, vol. XII. p. 366. 
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individuals, one of which had twelve pairs of ribs, one fourteen pairs, 
the rest thirteen pairs. 
Ist lumbar. Contraction of abdominal wall; slight inward rotation 
| of thigh, with slight flexion at hip. | 
2nd lumbar. Strong contraction of lower part of abdominal wall, 
| slight flexion at hip. 
1 zrd lumbar. Strong contraction of lower part of abdominal wall, 
i flexion at hip with slight adduction. (Movement in round ligament, vas 
| deferens, and bladder.) 
4th. Contraction of lower part of abdominal wall, strong flexion at 
| hip with adduction, rotation inward of thigh ; slight extension at knee. 
| (Movement in round ligament, vas deferens, and bladder.) 
| 5th. Strong flexion at hip with strong adduction, slight extension 
at knee, no movement of foot. (Movement in bladder.) 
! 6th. Slight extension at hip with slight adduction, strong extension 
at knee, flexion at ankle, with extension of toes. 
7th. Extension at hip, and extension at knee, extension at ankle, 
toes extended and separated, claws unsheathed. 
8th. (Ist sacral), slight extension at hip, slight flexion at knee, 
strong extension at ankle, separation of digits, unsheathing of claws. 
(Protrusion of anus with closure of orifice; perinwum pushed down; constriction 
of orifice of vagina, tail abducted ; emission of urine.) 
9th. (2nd sacral), slight flattening of buttock and thigh (in two 
instances only). Iuterosseous flexion of digits. (Tail drawn to side 
1 stimulated ; closure of anus ; constriction of orifice of vagina; emission of urine.) 
| 10th. No movement in limb. (No movement of anus; emission of 
urine ; root of tail toward side stimulated.) 


The prefiwed class of plexus. 


2nd lumbar. Strong contraction of lower part of abdominal wall, 

| rotation inward, and flexion at hip. 
| - 3rd lumbar. Strong contraction of lower part of abdominal wall, 
flexion at hip with slight adduction? rotation inward. (Movement in 
round ligament, vas deferens, and bladder.) 

4th lumbar. Contraction of lower part of abdominal wall, strong 
flexion at hip with strong adduction? slight extension at knee. (Move- 
ment in round ligament, vas deferens, and bladder.) 

5th lumbar. Slight extension at hip, with adduction, extension at 
knee? extension at ankle. (Movement in bladder.) 

6th lumbar. Strong extension at hip, extension at knee, flexion of 
ankle with extension of toes, claws unsheathed, toes separated. 
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7th lumbar. Strong extension at hip, slight flexion at knee, 
flexion at ankle, eversion of foot, extension of digits, unsheathing of 
claws, separation of digits. (Root of tail drawn towards side stimulated. 
Slight constriction of anal orifice.) 

8th sub-thoracic (Ist sacral). Slight extension at hip, and flexion 
at knee; extension at ankle. Separation of digits with flexion of the 
proximal and extension of terminal phalanges. (Protrusion of anus, with 
closure of it; root of tail drawn to side stimulated ; contraction of vaginal orifice ; 
emission of urine.) 

9th sub-thoracic (2nd sacral). No movement in muscles of limb. 
(Slight protrusion and constriction of anal vaginal orifices ; tail drawn toward side 
stimulated ; emission of urine.) 

10th sub-thoracic (3rd sacral). (No movement of anus, tail drawn toward 
side stimulated ; emission of urine.) 

11th, 4th. (No movement of anus, root of tail drawn to side away from side 
stimulated. ) 

12th. (Post. part of tail drawn toward side stimulated.) 

13th. (Tip of tail toward side stimulated.) 

In all animals used the plexus was sufficiently dissected after 
experimentation to examine at least on one side its construction with 
reference to the size of the branches contributed to it by the roots. 
The 4th and 8th nerve roots especially were examined closely, as I had 
been early led to associate the different results of excitation with 
difference in the size of these nerve roots; some dissections were not 
however carried further than to shew that in my prefixed type the 
contribution to the plexus from the 4th sub-thoracic nerve root was not 
so small as in the postfixed type, whereas in the case of the contribution 
to the plexus from the 8th sub-thoracic it was smaller than in the 
post ſiced type. 

I was not aware at the time of making the dissections that dissections 
were being made by Mr Langley, and on becoming so I sent to him 
two of the outlines I had drawn from my own preparations. One I 
considered a fair example of the origin of the plexus in my prefixed 
class, the other of its origin in my postfiwed class. Mr Langley kindly 
compared them with his own drawings, and in his paper on the course 
of the sweat nerves to the foot of the cat mentions them as belonging 
broadly speaking to his classes III. and I. respectively. So that the 
anatomy and the two classes of results above mentioned may be compared 
with and will be seen to be in accord with those obtained by Langley. 

I have only thrice made observations on the effects of excitation of 
lumbo-sacral roots of the dog: the results obtained agreed with the 
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results obtained with the prefiwed class of the cat; two of the dogs in 
question were found on dissection to possess only twelve pairs of ribs 
instead of the more usual thirteen, but in one of these there were eight 
lumbar vertebra, and the transverse processes of the highest lumbar were 
larger than is normal. 


Distribution of the Spinal roots to Muscles in Cat. 


4th. pectineus; ilio-psoas; sartorius; superior rectus; vastus internus; 
rectus inferior and adductor longus. Bladder. 

5th. ilio-psoas; rectus superior; sartorius; vastus internus, vastus 
externus, rectus inferior, crureus, gracilis, adductors—apparently all of 
them. Bladder. 

6th. psoas; vastus externus; erureus; subcrureus ; vastus internus; 
adductor magnus; rectus inferior; rectus superior; gracilis; semi- 
membranosus > semitendinosus; flexor longus digitorum; tibialis anticus. 
Extensor biceps, longus digitorum, peroneus and gastrocnemius (especially 
the outer head) not always. 

7th. Peroneus lateralis longus, peroneus lateralis brevis inferior, et 
superior soleus, gastrocnemius, flexor longus digitorum. Tibialis posticus, 
tibialis anticus, extensor longus digitorum, semitendinosus, semimem- 
branosus, biceps, sometimes adductor magnus in part, sometimes the 
intrinsic flexors of the plantar region, gluteus. Sphincter ani some- 
times. 

8th. Soleus, gastrocnemius, peroneus lateralis. Intrinsic muscles 
of the plantar region. Biceps, semitendinosus, sometimes semimem- 
branosus. Sphincter ani, sphincter vagine. Bladder. 

9th. Intrinsic muscles of the plantar region (sometimes), sacro- 
coccygeus superior. Soleus, vastus longus, and gluteus maximus (rarely), 
sphincter ani, sphincter vaginw. Bladder. 


10th. Sacrococcygeus. Bladder. 
Monkey (Macacus rhesus). 


Turning now to Macacus rhesus the following results are based on 
observations more numerous than those made on the other types. 

In Rhesus the pairs of ribs are 12 in number; in two instances only 
in seventy-three specimens examined I have found thirteen ribs. The 
lumbar vertebra are seven in number. In each of the two instances in 
which an extra pair of ribs existed the number of lumbar vertebree was 
reduced to six. In one of those instances the small extra ribs were of 
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very unequal size. In one instance the number of vertebrae between 
the lowest bearing ribs and the highest articulating with the ilia was 
six instead of seven, although there were only 12 pairs of ribs and the 
number of sacral vertebre was as usual three. The peculiarities of this 
specimen will be referred to subsequently. 

The arrangement and nomenclature of the muscles and muscular 
nerves of the lower limbs are in Macacus rhesus so similar, broadly 
speaking, to those obtaining in human anatomy that there is little 
need for special description here. A few points of difference do 
however require mention. Neither Macacus rhesus nor M. sinicus 
possesses a musc. peroneus tertius. The upper part of the biceps cruris 
is very large, and relatively much larger than in man. Gluteus 
maximus is flat and thin. The pectineus muscle receives no branch 
from the obturator nerve, at least I have never succeeded in finding 
an instance of it although I have frequently sought for it; its supply is 
from the anterior crural. A psoas parvus is quite usually present. The 
gracilis is relatively very large. The two tendons of insertion of the 
tibialis anticus are much more distinct and separate from one another 
in Macacus than in man. I have often found a peroneo-tibialis present, 
The abductor hallucis in man occasionally sends a slip to the base of 
the first phalanx of the 2nd digit; in Macacus rhesus and sinicus this 
slip is very large, distinct, and constant, forming in fact a separate 
muscle which I have never found wanting. A well-developed adductor 
hallucis is present. In Rhesus the plantar interossei adduct toward a 
line in the middle digit, the dorsal abduct from the same line. There is 
in Macacus frequently a communication between the external saphenous 
nerve and the external plantar nerve, above the heel deep to the tendo 
Achillis, and this branch of communication contains motor fibres to the 
intrinsic muscles of all the digits (Pl. XXI. fig. 7). Even at the top of 
the thigh the sciatic nerve consists of three separate divisions, as in the 
Cat. The largest of the three is the internal popliteal trunk, the next 
the external popliteal, the smallest from its distribution I have been 
accustomed to call the “ hamstring” nerve. In Rhesus the movements 
of the hind limb are extremely free and extensive ; the tail is short and 
stumpy and not so mobile as in many species. 


Method of Examination by Minimal Ezcitation. 


The method of analysing the distribution of the fibres of the motor 
roots by ascertaining what muscles contract when the fine filaments 
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constituting the roots are individually excited by minimal electrical 
stimuli is very satisfactory in some respects. It probably enables one to 
say which muscle receives the larger number of the fibres composing the 
filament excited, if the various muscles supplied by the filament are all 
of about the same physiological quality, as frequently is the case. But 
it is to be remembered that as a muscle of large mass receives a larger 
number of fibres than another of smaller mass but of the same quality, 
so where the outflow of fibres to the two muscles overlap, the fibres to 
the larger muscle may preponderate in all the filaments that go to the 
two muscles, and the larger muscle may reply under accurately minimal 
stimulation of each of the root filaments and mask the supply to the 
muscle which is smaller. Again, very small muscles are, on account 
perhaps of the very smallness and lightness of the parts which they 
move, capable of giving visible movement and visible shortening with 
greater ease than some large ones. Thus, for instance, analysis by 
use of minimal stimuli of such root filaments as those of the 8th and 
7th sub-thoracic roots which contain, among other interlapping out- 
flows, the interlapping outflow of motor fibres to short flexor of the 
hallux and the sural triceps are likely to be misleading, because 
the mass of the two muscles supplied by the same filaments is very 
different, because resistance offered to movement by the great toe at 
the metatarso-phalangeal joint is very different from that offered by 
the whole foot at the ankle joint, and because the physiological quality 
of the two muscles is different, as evidenced among other facts by the 
much longer time which the sural triceps remains excitable after death. 
The method possesses however an advantage in guarding somewhat. 
against mistakes due to escape of derivation of the currents used for 
excitation. Control observations are however a preferable safeguard 
in that difficulty. Analysis by means of minimal stimuli suffers from 
the want of certainty that the minimal stimulus employed is exerted 
fairly on the whole field of constituent fibres, and from the fact that a 
very slight inequality of distribution may make the difference between 
minimal and subminimal, efficient and inefficient, appreciable result 
and inappreciable. Also the results obtainable by it are absolute for 
the individual only, on account of the variable relation of the nerve root 
to the nerve trunks. Keeping the imperfection of the method in view 
I used it very frequently at the beginning of the experiments, usually 
combining it with the section of various peripheral nerve trunks. 

The following list is compiled from the results of three experiments 
(Expts, 6,15 and 21) which gave fairly similar results in three young 
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female rhesi, in each of which the plexus was of the postficed class. 
Other experiments as above mentioned did not agree so closely with 
these or with themselves as did the subjoined. For the before-mentioned 
reasons, although the appended list is given and its results may be 


interesting, yet they are of little value as representative of absolute 


specific localisations in the cord but rather merely of the relative posi- 
tions and sequences that tend frequently to occur in it. 


No. of No, of 
nerve rootiet Name of muscles contracting on minimal excitation. No. of Expt. 


root. in root. 
3rd 1 cremaster, then psoas and pectineus 15. 21. 6 
2 cremaster, then psoas and pectineus 15. 21. 6 
3 oremaster, then psoas and pectineus 15. 6. 
4 psoas and pectineus*, then cremaster and sartorius 
(upper part) 15. 21. 
5 psoas and pectineus*, then cremaster and sartorius 15. 21. 
6 psoas and pectineus*, then sartorius 15, 21. 
7 pectineus*, then sartorius 15. 21. 6 
8 pectineus*, then sartorius 15. 21. 6 
4th 1  pectineus*, then sartorius and gracilis 15. 21.6 
2 sartorius, then pectineus and gracilis 15. 6. 
3 sartorius, then pectineus, gracilis and rectus 15. 6. 
4 sartorius, then gracilis and rectus 15. 6. 
5 sartorius, then gracilis and rectus 15. 6. 
6 rectus, then gracilis 15. 
7 rectus and gracilis, then vastus internus 15. 21. 
8 rectus and gracilis, then vastus internus 15. 21. 
9 rectus and gracilis, then vastus internus 15. 21. 
* Not altered by section of the obturator nerve in the pelvis. 
5th 1 rectus and gracilis, then vastus externus, and internus 15. 21. 6 
2 rectus and gracilis, then vastus externus and internus 15. 21. 6 
3 gracilis and vastus externus, then vastus internus 15. 
4 gracilis and vastus externus, then tibialis anticus 15. 21. 
5 gracilis and vastus externus, then tibialis anticus 15, 21. 
6 tensor vaginae femoris, then gracilis and vastus 


externus 15. 
gracilis and vastus externus, then pre-tibial muscles 15. 21. 


can 


adductor magnus and then pre- 
tibial muscles 15. 21. 6 
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10 adductor magnus and semimembranosus, then pre- 
tibial muscles 15. 21.6 
11 adductor magnus and semimembranosus, then pre- 
tibial muscles 15. 21. 6 
| 6th 1 tibialis anticus, then peroneus longus 15. 6. 
| 2 tibialis anticus, then peroneus longus 15. 6. 
1 | 3 tibialis anticus, then peroneus longus 15. 6. 
oi 4 tibialis anticus, then flexor longus hallucis 15. 
il 5 tibialis anticus, then peroneus longus 15. 6. 
if 6 tibialis anticus, then flexor longus hallucis 15. 21. 
| | | 7 tibialis anticus, then peroneus longus and flexor 
ig longus hallucis 15. 21. 
i 8 tibialis anticus and flexor longus hallucis, then flexor 
il perforans 15. 
i 9 tibialis anticus and flexor longus hallucis, then flexor 
| perforans 15. 21. 
a 10 tibialis anticus and flexor longus hallucis, then pero- 
| neus longus 15. 21. 6 
1 11 flexor longus hallucis, then tibialis anticus and 
| peroneus longus 15. 21. 
12 flexor longus hallucis, then tibialis ant. and peron. 
1 longus 15. 21. 6 
7th 1 flexor longus hallucis and flexor perforans 15. 21. 6 
2 flex. longus hallucis and flexor perforans or tibialis 
1 anticus, or peron. longus 15. 21. 6 
1 3 flexor longus hallucis, then tibialis posticus 15. 
a 4 flexor longus hallucis and tibialis posticus 1 21. 6 
Ph 5 flexor perforans and peroneus brevis 15. 
| 6 peroneus brevis, then tibialis posticus 15. 
7 peroneus brevis and gastrocnemius 15. 21. 
| 8 peroneus brevis and gastrocnemius 15. 21. 
9 intrinsic flexor“ of hallux, then gastrocnemius 15. 6. 
| 10 intrinsic flexor“ of hallux, then gastrocnemius 15. 6. 
| 11 intrinsic flexor“ of hallux and minimus, then semi- 
| tendinosus 15. 21.6 
12 intrinsic flexor“ of hallux or minimus, then semi- 
. tendinosus 3 15. 21. 6 


| 8th 1 intrinsic flexor“ of hallux, then outer head of gas- 
| | trocnemius 15. 6. 
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2 intrinsic flexor“ of hallux, index or quintus, then 


biceps and anus 15. 21. 6 

3 intrinsic flexor“ of hallux, index or quintus, then 
biceps and anus 15. 21. 6 

4 intrinsic flexor“ of hallux, index or quintus, then 
biceps and anus 15. 21.6 

5 intrinsic flexor“ of hallux, index or quintus, then 
anus 15. 21. 6 

6 intrinsic flexor“ of hallux, index or quintus, then 
other digits and anus 15. 21. 6 

9th 1 anus and intrinsic flexor“ of hallux or quintus, then 
other digits 15. 21. 6 

2 anus and intrinsic flexor“ of hallux or quintus, then 
other digits 15. 21. 6 

3 anus and intrinsic flexor“ of hallux or quintus, then 
other digits 15. 21. 6 


* This flexor action was always accompanied by adduction. After the external plantar 
nerve had been cut through it was unaccompanied by any marked adduction. After section 
of the internal plantar nerve it persisted very much as before. When exposed to inspection 
it could be seen that the adductor and other intrinsic muscles of the toe were all in action. 
I could not isolate the individual muscles by modifying the strength of the excitation ; the 
point of minimal excitation appeared to be the same for all of them. 


Excitation of isolated roots or rootlets by currents of medium 

strength. 

A more just estimation of the functions of an efferent root is 
obtainable by using currents of intensity sufficient to ensure fairly 
equal excitation of all the component nerve fibres in the spinal root or 
rootlet. By such excitation it soon becomes evident that in Macacus a 
prefixed class and a posted class of plexus formation has, just as in the 
frog and cat, to be distinguished. As in the frog and cat, the distribu- 
tion of the same spinal root of the plexus is not in all individuals the 
same. The fact is evidenced not only by excitation experiments, but 
also by severance experiments. When one motor spinal root of the 
limb plexus has been isolated by section of the adjacent ones the degree 
of movement left is not always the same for the same root in different 
individuals, For instance in two young Rhesi in which the seventh 
cervical root to the brachial plexus had been isolated in the same 
way (by section of the 4th, 5th, 6th and 8th cervical and the highest 
two thoracic roots) the power of grip of the hand was strikingly different 
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in the two individuals; the power of folding the thumb especially was 
dissimilar in the two; dissection revealed no difference in the extent 
of the experimental lesion. In the cat the prefiwed and postfixed 
classes of innervation of the limb seemed to be pretty evenly balanced 
in frequency of occurrence, the prefived class being rather the less usual 
of the two. In Macacus rhesus, again, there seems to be, judging 
from sixty-six experiments, a slight preponderance of postfimed type over 
prefized. The upper lumbar roots do not appear to vary so much as 
do the lower and the sacral. I will state briefly the arrangement 
evidenced in the larger number (37) of the experiments. | 


Postfixed Class of plexus. (Pl. XX. fig. I.) 

Spinal roots and movements. 

Ist sub-thoracic root (Ist lumbar). Retraction of abdominal wall. 
(Erection of hair.) 

2nd. Retraction of lower part of abdominal wall. Drawing up of 
testicle. Slight flexion at hip. (Erection of hair; movement in round 
ligament, vas deferens, and bladder.) 

8rd. Contraction of lower part of abdominal wall, drawing up of 
testicle (stronger than with 2nd). Flexion at hip, slight flexion at 
knee, slight rotation outwards of thigh. (Erection of hair; movement in 
round ligament, vas deferens, and bladder.) 

4th. Drawing up of testicle (slight)? Contraction of lower part 
of abdominal wall. Flexion at hip, with adduction of thigh extension 
at knee, slight rotation outwards of thigh. (Movement in bladder.) 

5th. Flexion at hip, with adduction of thigh, extension at knee, 
drawing up of inner edge of foot, with slight flexion’ at ankle, and slight 
extension of hallux. Section of this nerve root alone causes no obvious 
paralysis of the limb, although the limb when at rest, the animal being 
held up under the arm-pits, droops more at the knee than does the limb 
of the sound side: the knee-jerk is however abolished. 

6th. Extension at hip, with adduction of thigh, weak flexion, or 
even extension, at knee, flexion at ankle, lifting of inner edge of foot, 
extension of toes with adduction of hallux. 

7th. Extension at hip, flexion at knee, extension at ankle, tilting 
of outer edge of foot, flexion of digits with strong adduction of hallux, 
depression of root of tail. Slight rotation outward of the thigh. 

8th. Slight rotation outward of the thigh, extension at hip, flexion 
at knee, extension (very strong) at ankle. Strong flexion and adduction 


1 Cf. Quain’s Anatomy, 10th Ed. Vol. u. pt. 2, by G. D. Thane, pp. 191 and 278; also 
Gowers’ Dis. of the Nerv. System, Vol. 1. p. 34. 
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of hallux, flexion of digits in “interosseal” position. (Contraction of 
anus and vaginal orifice; root of tail depressed and drawn to side stimulated ; 
emission of urine ; erection of penis.) 

9th. Slight rotation outward of the thigh. Flexion and adduction 
of hallux; flexion of digits. (Perineum pushed down. Contraction of anus 
and of orifice of vagina ; abduction of root of tail toward side stimulated ; emission 
of urine ; erection of penis.) 


10th. (Abduction of root of tail toward side stimulated ; emission of urine.) 

11th. (Proximal two-thirds of tail drawn toward side stimulated.) 

12th. (Distal half of tail drawn toward side stimulated.) 

13th. (Tip of tail drawn toward side stimulated.) 

Although it is not possible in any one experiment to expose and 
isolate the numerous separate muscles composing the musculature of 
the whole limb, and so to determine individually their actual and active 
participation in the above-mentioned movements, still it is possible in 
the course of a series of experiments to expose a certain number of indi- 
vidual muscles in each experiment. All in the following list have been 
actually examined in this way by inspection and by touch; many by the 
myograph as well, isometric records more frequently than isotonic being 
taken. 


Spinal roots and muscles. (Pl. XXI. fig. 8.) 

Ist sub-thoracic (Ist lumbar) root. Quadratus lumborum, psoas 
parvus, psoas magnus, external oblique, internal oblique, transversalis. 

2nd sub-thoracic. Quadratus lumborum, psoas magnus, psoas parvus, 
cremaster, external oblique, internal oblique, transversalis. 

8rd sub-thoracic. Psoas magnus, psoas parvus, cremaster, iliacus, 
external oblique, transversalis (the lower part only of the three latter) 
pectineus, adductor longus, sartorius. 

4th sub-thoracic. Psoas magnus, iliacus, pectineus, the adductor 
longus, gracilis (probably the rest of the adductor mass), sartorius, 
vastus internus, vastus externus, crureus, rectus fem. (slight), obturator 
externus. 

5th sub-thoracic. Psoas magnus (small prevertebral part of), gracilis, 
adductor longus (slight), tensor vaginse femoris, rectus femoris, vastus 
internus, vastus externus, crureus, sartorius (slight), tibialis anticus 
(only slightly), extensor hallucis (very slight), extensor longus digitorum 
(very slight), peroneus longus (very slightly). | 

6th sub-thoracic. Part of adductor magnus, tibialis anticus, extensor 
longus digitorum, extensor hallucis, peroneus longus (> peron. brev.), 
peroneus brevis, short (intrinsic) extensors of the digits, abductor minimi 
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digiti, gastrocnemius (both heads, but slight), popliteus, tibialis posticus, 
flexor longus digitorum, long flexor of the -hallux, soleus (slight), semi- 
membranosus, plantaris, semitendinosus, biceps, upper part of pyriformis; 
quadriceps extensor cruris (rarely), gracilis (near knee, rarely). 

7th sub-thoracic. Adductor magnus, semitehdinosus, semimem- 
branosus, tibialis anticus, extensor longus digitorum, ext. propr. hallucis, 
peroneus brevis (> peroneus longus), peroneus longus, plantaris, pop- 
liteus, gastrocnemius (both outer and inner heads), tibialis posticus, 
flexor longus digitorum, soleus, long flexor of the hallux, short extensor 
(intrinsic extensor) of the digits and hallux, short and accessory flexors 
(intrinsic flexors) of the digits and hallux, abductor minimi digiti, 
abductor hallucis, adductor hallucis interossei and lumbricales. Deeper 
part (?) of sphincter ani. Large part of pyriformis, obturator internus. 
Quadratus femoris and two gemelli, gluteus medius, gluteus maximus. 

8th sub-thoracic. Biceps, semimembranosus, semitendinosus, gluteus 
maximus, gastrocnemius both heads, soleus, tibialis posticus, flexor 
longus digitorum (slight), flexor long. hallucis. Abductor hallucis, 
abductor minimi digiti. Short and accessory flexor of the digits and 
hallux, adductor of the hallux. Interossei and lumbricales, superficial 
part of sphincter ani. Sphincter vagina, small part of pyriformis. 
Obturator internus, quadratus femoris and the two gemelli. 

9th sub-thoracic. Short flexors of the digits and hallux. Adductor 
of the hallux. Interossei and lumbricales. Sphincter ani. Sphincter 
vagine, Obturator internus, part of gluteus maximus. 


In accord with the above description a number of incidental 
observations were also obtained of which the following are examples. 

All the structures about the ankle except the main blood-vessels, 
the bones and deep ligaments and the anterior tibial nerve severed. 
Anterior root of 6th sub-thoracic exposed, ligated, cut and stimulated by 
pinching, then by induced currents. Both forms of excitation elicited 
opening and extension of toes, with adduction of hallux. Similar stimula- 
tion applied to 7th root gave similar but not so marked reply; excitation 
of 5th root elicited no movement in foot although strong currents were 
ultimately used for excitation. The short extensors of the digits, and 
the abductor hallucis therefore, receive motor fibres through the 6th and 
7th sub-thoracic nerves. 

All structures about ankle severed except the main blood-vessels 
and the posterior tibial nerve. Anterior root of 9th nerve (2nd sacral) 
exposed in the spinal canal, isolated, ligated, cut, and stimulated by 


aa 
| 
| 
i} 
i} 
iH | 
| 
i 
4 
— 
| 
1 
og 
a 
| 


THE LUMBO-SACRAL PLEXUS. 651 


tying threads tightly round its end, and by induced currents, The 
excitation elicited forcible folding (flexion) of digits with adduction and 
flexion of hallux. The anterior root of the 8th nerve gave the same 
result. The anterior root of the 7th gave a similar but less forcible 
action. 

All structures about ankle severed except the tendon of the flexor 
longus digitorum. Excitation of the anterior root of the 7th sub-thoracic 
in the spinal canal gave flexion of all the toes, especially perhaps of the 
hallux. Excitation of the 6th gave a similar but weaker flexion. 

All the structures about ankle severed except the tendons of the 
extensor longus digitorum and extensor proprius hallucis. Excitation 
of anterior root of the 6th in the spinal canal gave extension and 
adduction of digits and hallux. 7 

All structures about the ankle severed except external plantar nerve. 
Excitation of the anterior root of the 9th in the spinal canal, but 
not of the 6th, gave flexion (but not very powerful) of the digits 
excepting hallux. 

The 3rd and 4th, and the 6th and the 7th anterior roots divided on 
the left side. The central end of the divided posterior root of the 
4th nerve excited in the central canal; the reflex movement obtained 
was a smart extension at ankle joint; therefore the 5th anterior root 
gives besides extension of the knee, extension of the ankle. 

Excitation of the 6th anterior root gives (v. supra) slight flexion at 
knee, flexion at ankle, tilting of outer edge of foot, and extension of 
toes with adduction of hallux, but after the external popliteal has been 
cut through gives flexion at knee and hip (the inner hamstrings and the 
adductors obviously contracting at the same time), extension at ankle, 
flexion of digits and hallux at all joints, the flexion is not usually of 
great force, it persists after section of the plantar. Excitation of the 6th 
anterior root of the opposite side, which had been giving the same reply 
as that at first given by its fellow, gave, after section of the internal 
popliteal nerve, strong flexion of the foot, questionable extension of 
the digits, slight straightening and adduction of the hallux; or some- 
times very strong extension of the digits and hallux with adduction of 
the latter. In either case, ie. whether strong or weak, the extension of 
the digits and hallux with adduction of the latter persists after section 
of the anterior tibial at the ankle. 


The right and left lumbar roots exposed in the spinal canal; the 


right external popliteal nerve divided, the left internal popliteal nerve 
divided, both in the ham; the left anterior tibial and the right external 
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and internal plantar nerves divided at the ankle. Upper part of 
“motor” cortex exposed right and left. Extension of the right knee 
obtained from left cortex close behind Schiifer’s sulcus 2 The right- 
hand 3rd and 4th roots cut across. Extension of knee (with ?slight 
flexion of toes) still obtained. Right 5th root divided. Extension of 
knee still obtained from cortex, but much feebler. Extension of knee 
obtained from right cortex near top of precentral gyrus ; section of 3rd, 
4th, and 5th left-hand lumbar roots; feeble extension of left knee still 
obtained. Removal of cord from 3rd to 7th lumbar segment. Excita- 


‘tion of anterior root of right 6th (about 40 mm. long) gives extension of. 


knee (somewhat feeble) with strong flexion of all digits and extension of 
the ankle (due to action of deep post-tibial group chiefly, it being 
questionable whether the gastrocnemius and soleus are in action at all). 
Excitation of anterior root of left 6th lumbar gives extension of knee 
accompanied by extension of digits and flexion of ankle, the peroneus 
longus being in strong contraction but the peroneus brevis only 
questionably. In four individuals only have I seen extension of the 
knee result from excitation of the 6th sub-thoracic root. 

The right and left lumbosacral roots exposed in the spinal canal ; 
the right and left external popliteal nerves divided below head of fibula; 
at each ankle the tendo Achilles and the tendons of the flexor longus 
hallucis and digitorum divided; upper part of “motor” cortex (right 
and left) exposed. Excitation of right cortex behind top of sulcus 
centralis gives opposition of hallux and flexion of digits. 9th sub- 
thoracic root of left side cut through ; excitation of cortex gives same 
result as before. 8th root then cut; cortical effect as before. 7th root 
then cut, cortical excitation gives no movement of digits. Left cortex 
excited ut top of sulcus centralis gives opposition of hallux and flexion of 
digits. 7th sub-thoracic root cut on right side, cortical result as before; 
8th root cut, cortical result as before, but weaker. 9th root cut through, 
no movement of digits or hallux on cortical excitation. 

Excitation of the 7th anterior roots when they, as usual, are giving 
(v. supra) flexion at the knee, extension at ankle, tilting of outer edge 
of foot, and flexion of digits with strong adduction of hallux, after 
section of the external popliteal nerve causes strong flexion of hallux 
and digits at all joints with adduction, extension at ankle with 
tilting upward of inner edge of foot, flexion at knee, both outer and 
inner hamstrings contracting. The flexion of the digits and hallux and 
the adduction of the latter are not sensibly altered by section of the 
plantar nerves. Excitation of the 7th anterior root gives, after section 
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of the internal popliteal nerve, strong extension of toes, especially at 
metatarsal joints and straightening with slight adduction of the hallux, 
strong flexion of ankle, tilting of outer edge of foot, strong flexion 
of knee, and sometimes extension of thigh. 

Excitation of the 8th anterior root in spinal canal, which had been 
giving as usual extension at ankle with obvious contraction of the 
superficial calf muscles, flexion of the digits, and flexion and adduction 
of the hallux, with some flexion at the knee by action of the biceps 
especially, gave on the plantar nerves being cut through at their origin 
the same movement as before except for weakening of flexion of digits 
and hallux, and of adduction of the hallux. | 

Excitation of the 8th anterior root which had as usual caused flexion 
of the digits and hallux with adduction of the latter continued to do so 
well after section of both plantar nerves, but with modification of the 
character of the adduction and flexion. 

Excitation of the 8th anterior root after section of internal popliteal 
nerve at the edge of the pyriformis gave flexion of the knee with 
tightening of the biceps tendon, tilting up of outer edge of the foot, 
and no other movement in the leg. 

For reasons already given the individuals (29 out of my series) not 
conforming fairly to the plexal arrangement just described, I have 
considered it well to treat en bloc as forming another class and to 
place together as a second experimental series. 

Prefixed Class of Plexus. (Pl. XX. fig. 2.) 


Spinal roots and movements. 

Ist. Retraction of abdominal wall (near umbilicus in front). 
(Erection of hair.) 

2nd. Retraction of lower part of abdominal wall; flexion of hip, 
with some eversion; drawing up of testicle (stronger than with 3rd). 
(Erection of hair; movement in round ligament, vas deferens, and bladder.) 

3rd. Retraction of lowest part of abdominal wall; drawing up of 
testicle, flexion at hip, with marked rotation of thigh outwards and 
some adduction ; some extension of knee. (Erection of hair; movement in 
round ligament, vas deferens, and bladder.) 

4th. Flexion at hip; extension at knee; adduction of thigh; 
eversion of thigh. (Bladder.) 

5th. Flexion at hip; extension at knee rarely flexion ; adduction ; 
strong flexion at ankle; drawing up of outer edge of foot; flexion of 
hallux and digits. | 

6th. Extension at hip; adduction of thigh ; strong flexion at knee, 
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extension at ankle; rotation of leg inwards; lifting of outer edge of foot; 


flexion of digits and hallux at terminal joint, with (sometimes) . 
tion. (Slight retraction of anus.) 

7th. Extension at hip, with slight rotation outward of the oe 
flexion at knee, extension at ankle; rotation of leg outwards; flexion of 
digits and hallux, with adduction of hallux, sometimes abduction of 
hallux and minimus. (Depression and abduction of root of tail; protrusion and 
feeble constriction of anus, rarely of vaginal orifice also.) 

8th. Extension at hip, with slight rotation outward of the thigh ; 
flexion at knee; extension at ankle; strong flexion and abduction of 
hallux ; flexion of digits in “interosseous” position. (Closure and protrusion 
of anus; root of tail drawn to side stimulated and depressed; perineum pushed 
down; constriction of vaginal orifice ; emission of urine ; erection of penis.) 

9th. (Abduction of root of tail, which is drawn toward the side stimulated ; 
constriction of vaginal orifice, and of anus—occasionally feeble ; emission of urine ; 
erection of penis.) 
10th. (Proximal half of tail drawn toward side stimulated; emission of 
urine.) 


Spinal roots and muscles. (Pl. XXI. fig. 9.) 


Ist sub-thoracic (Ist lumbar) 


Quadratus lumborum Internal oblique 
Psoas parvus Transversalis 
External oblique Psoas magnus 


2nd sub-thoracic 


Quadratus lumborum External oblique 
Psoas magnus Internal oblique 
Psoas parvus Transversalis 
Cremaster 
sub- thoracic 
Psoas, cremaster, iliacus Adductor longus 
External oblique Sartorius (upper part especially) 
Internal oblique (lower part only) Vastus internus, and obturator 
Transversalis externus slightly 


Pectineus 


Rectus femoris (upper part, slight) 
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4th sub-thoracic 
Psoas, iliacus Obturator externus 
Pectineus Rectus femoris 
Adductor longus Vastus externus . 
Sartorius (lower part especially) Gracilis 
Vastus internus(>vastusexternus) Adductor brevis 
Crureus Adductor magnus 
5th sub-thoracic 
Gracilis Peroneus longus (slight) 
Vastus externus (> Vastus inter- Semimembranosus (slight) 
nus) Flexor longus hallucis (occasion- 
Rectus femoris ally strongly) 
Vastus internus Flexor longus digitorum (occa- 
Crureus sionally strongly) 
Adductor magnus Tibialis posticus (occasionally 
Tibialis anticus strongly) 
_ Extensor longus digitorum Peroneus brevis (?) 
Extensor proprius hallucis Highest portion of pyriformis (?) 
Tensor vagina femoris 
6th sub-thoracic 
Tibialis anticus Biceps (chiefly in deep portion) 
Extensor longus digitorum Abductor hallucis 
Extensor hallucis Flexor brevis digitorum 
Peroneus longus Abductor hallucis (slight) 
Peroneus brevis Abductor minimi digiti 
Extensor brevis digitorum Soleus (slight) 
Gastrocnemius, external head Plantaris 
(> internal head) Popliteus 
Gastrocnemius, internal head Pyriformis 
Tibialis posticus Gluteus medius 
Flexor longus digitorum Quadratus femoris 
Flexor longus hallucis Gemellus inferior 
Semimembranosus (>semitendi- Gemellus superior 
nosus) Gluteus minimus 
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7th sub-thoracic 


Tibialis anticus 

Extensor longus digitorum 

Extensor proprius hallucis 

Peroneus longus (slight and < 
Peroneus brevis) 

Peroneus brevis 

Gastrocnemius, external head 

Gastrocnemius, internal head 

Plantaris 

Tibialis posticus 

Flexor longus digitorum 

Soleus 

Flexor longus hallucis 

Extensor brevis digitorum 

Flexor brevis digitorum 

Abductor hallucis 

Abductor minimi digiti 


Flexor brevis minimi digiti 

Adductor hallucis 

Interossei and lumbricales 

Obturator internus 

Quadratus femoris 

Gemelli superior and inferior. 

Pyriformis (the larger part of, esp. 
the lateral part) 

Deeper part of sphincter ani 

Semitendinosus 

Semimembranosus 

Biceps 

Adductor magnus (part of) 

Popliteus 

Gluteus medius 

Gluteus minimus 

Gluteus maximus 


Flexor accessorius Sphincter ani 
Flexor brevis hallucis 
8th sub-thoracic 
Biceps (>than semimembranosus) Adductor hallucis 
Semitendinosus(>thansemimem- Obturator internus 
branosus) Quadratus femoris 
Semimembranosus Gemelli sup. et inf. 


Gluteus maximus 


Gastrocnemius, internal head (> 


Pyriformis (small part, chiefly 
mesial) 


than external) Spincter ani 
Gastrocnemius, external head Sphincter vagina 
Soleus Flexor brevis hallucis 
Abductor hallucis Flexor brevis minimi digiti 
Flexor brevis digitorum Lumbricales and 
Flexor accessorius Interossei 
Abductor minimi digiti 

9th sub-thoracic 

Sphincter vaginz 


In accord with this latter series stand also a number of incidental 
observations obtained in the course of other experiments of which the 
following are examples. 
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All structures about ankle severed except main blood-vessels and the 
posterior tibial nerve. Anterior root of 6th nerve exposed, isolated for 
6 cm., ligated, cut, lifted and stimulated gives somewhat feeble flexion 
of digits with adduction and flexion of hallux. The anterior root of 7th 
gave similar but more forcible action; so also anterior root of 8th. No 
movement in foot on exciting anterior root of 9th with even very strong 
currents, i.e. secondary at 12 cm. 

All structures about the ankle severed except external plantar nerve : 
excitation of the anterior root of the 6th in the spinal canal gave flexion 
(but not powerful) of the digits except the hallux. 

Excitation of the 8th anterior root in the spinal canal, which had 
been causing extension at ankle with obvious contraction of the sural 
triceps, flexion of the digits, and flexion and adduction of the hallux 
with flexion at knee, gave when the plantar nerves were cut through 
the same movement as before except for absence of flexion of digits and 
hallux, and instead of adduction of the hallux a slight parting of it from 
the other toes. 

Lumbo-sacral roots exposed in canal. The internal popliteal nerve 
divided each side under the gluteus. Right and left “motor” areas 
exposed. At the ankle all the tendons on the front of the joint divided. 
Excitation of right cortex above Schiifer’s sulcus & gives opening of 
digits. Left 9th root cut; excitation of cortex gives same result as 
before. 8th root cut, excitation gives same result as before. 7th root 
cut, excitation gives same result as before. 6th root cut, excitation no 
longer gives movement in foot. 

Excitation of left cortex near sulcus & gives extension of digits. 
Then right 6th root cut, excitation gives a less (weaker) movement than 
before. Section of 7th root, excitation of cortex no longer gives any 

movement of digits. 

Right and left motor areas exposed; also lumbo-sacral roots in 
the spinal canal. Tendons of right peromeus brevis attached to myograph, 
excitation of cortex in front of upper end of the central sulcus gives 
smart contraction. 8th root of left side cut, contraction as before to 
cortex. 7th root cut, contraction diminished. 6th root cut, contraction 
lost. Cortex on left side stimulated, reply from peroneus brevis ob- 
tained, tendon attached to myograph. Then 6th root of right side cut, 
cortical reply diminished. Then 7th root cut, cortical reply absent. 

On three occasions contraction of the intrinsic muscles f the sole 
has been obtainable from two roots only, viz. the 8th and 7th, the 
9th root in neither case causing any movement in the limb. One of 
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the occasions referred to was that in which only 6 lumbar roots and 
vertebrx existed instead of the usual seven. 

I have no reason to believe that my results obtained by excita- 
tion of isolated spinal roots, or their isolated filaments, in the spinal 
canal were vitiated by escape of current, because aware of the risk 
of such an accident my efforts during the experiments have been 
carefully directed to minimising such risk (1) by isolating the whole 
length of each root (sometimes a length six centimetres long), and 
lifting it well out of the depth of the wound on to the electrodes; 
(2) by using currents of weak strength, in most cases quite too weak to 
be felt by the tongue, and in most cases with the secondary coil twice 
as far from the primary as the point at which the current became 
perceptible to the tongue. They are moreover controlled by other 
observations. Control results were in a certain measure obtained as 
a matter of routine during the direct excitation experiments by noting 
the result obtained on mechanical stimulation of them by tightening 
one after another parallel loops of thread placed near together round 
the root at its cut end, the first tightening of course being the - 
one nearest the cut end. The results of the mechanical stimulation 
although feeble, and in large muscles not easy to observe, in no 
instance disagreed with the effects of the electrical stimulation, but in 
every case was confirmatory of the electrical excitation. Often the 
mechanical excitation was used before the electrical, often after the 
electrical. In other control observations the ventral nerve roots 
immediately above and immediately below the one to be investigated 
were divided; a sufficient time was then allowed for degeneration to 
have play; and finally electrical excitation of various nerve trunks in 
the limb was employed. Five experiments were performed thus on 
Rhesus. Details of these may be given shortly. Much of the motor 
defect at first resulting proves transient. 

The numbers given indicate in centimetres the distance of the 
secondary coil on the slide of the inductorium; they are noted here 
merely to serve as a rough guide to the relative condition of the 
various nerves, and in comparing with one another the numbers for the 
opposite sides of the body and for the same side of the body, it is to be 
remembered that as the experiment progressed, the nerves, owing to 
exposure and other unavoidable causes, were some of them not in 
condition for accurately contrasting their excitability. Still the 
numbers appear to have a significance the broad features of which 
seem unmistakable. 
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25, vi. Young female. The 3rd and 4th and the 6th and 7th sub-thoracic 
roots of the right side divided completely just distal to the ganglion, i.e. 
ventral and dorsal divisions of the root severed together. 
26, vi. Movements of right limb obviously impaired, seemingly less so at 
ankle than at hip and knee; the clasp of the right foot is feeble. Knee- 
jerk brisker right than left. 
14, vii. Movements in cage seem almost normal; holds side of cage 
better with left hallux than with right. Continued observation detects 
performance at the hip of flexion, and extension; at the knee of flexion 
(outer hamstring tightens very obviously both to inspection and to touch) 
and extension; at ankle, of flexion, and extension (latter weaker than left) ; 
in digits, of extension and flexion, latter weak. 
10, viii, Obvious wasting of the anterior muscles of the right thigh, right 
calf, and of the inner hamstring mass. Knee-jerk is brisker right than left. 
10.15 am. A. C. E. mixture administered; when anesthesia has been 
obtained, anterior crural of right side is divided close below 
Poupart’s ligament. Excitation of central end gives reflex on to 
adductor group of the thigh. 

10.42. Excitation of distal end gives extension at knee. Branches of 
anterior crural exposed and distal ends stimulated. 

10.54. Upper branch to sartorius ; no contraction. 
Branch to rectus femoris contraction at 15. 


„ vastus externus and crureus 

„ vastus internus and crureus 

” „ Crureus ” » 18. 
11.16. External popliteal close below gluteus maximus exposed. 


Central end gives reflex on to semimembranosus 
Distal end gives contraction in leg and foot. 
11.28. Anterior tibial nerve. Distal end: contraction. 
Musculo-cutaneous nerve. Distal end: contraction. 
11.37. Distal ends of 
a branch to tibialis anticus replies at 17. (Left side at 48.) 
3 „ extensor longus digitorum at 13. (Left side at 42.) 
rs „ extensor hallucis at 16. (Left side at 41.) 
11.53. Distal end of anterior tibial nerve on front of right ankle gives 
opening of toes with extension at 28 cm. 
Distal end of same nerve left side at same place gives good opening 
of toes at 48 cm. 
12.7. Right nerve to peroneus longus: contraction at 24 (left at 46). 
* „ peroneus brevis: 1 „ 7 (left at 46). 
(This result, not well in accord with my other experiments, was 
obtained in this experiment several times over at intervals during 
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the experimenta, being repeated in order to test its reality; although 
the figures obtained varied somewhat the general features of the 
observation were constant, thus: 
Peroneus longus at 12.11 = 27, at 12.33 = 25. 
Peroneus brevis „ „ =12,, „ = 8. 
at 12.48. = 24, at 1.14 = 22, at 1.15 = 23. 
„ „ 9, „ „ = 8 „ » = 8. 
Examined microscopically the nerve to brevis e ſewer sound 
fibres than nerve to longus). 


Internal Popliteal. 
Branch to external head of gastrocnemius, 
contraction at 23, (left at 49). 
„ „ internal head, contraction at 30 
„ „ SOleus at 28 (left at 54). 
„ „ tibialis posticus at 4 (left at 53). 
Branch to flexor longus digitorum, 
feeble contraction at 26 (left at 48). 
„ u flexor hallucis at 21 (left at 57). 


Hamstring nerve (3rd division of Sciatic trunk). 
Excitation of central end gives reflex. 


2 distal end „ contraction in 
Branch to semimembranosus, contraction at 28 (left at 48). 
i and adductor magnus, at 32 
(left at 47). 
„  semitendinosus, contraction at 25 (left at 49). 
Upper branch to biceps, contraction feeble at 22 (left at 53). 
Lower a » contraction at 23 (left at 52). 
Obturator nerve outside the obturator foramen. 
Central end gave reflex on to psoas. 


Distal end gave contraction in thigh. 

Distal end of branch to adductor longus, contraction at 21. 
9 „ gracilis, good contraction at 24, but the upper part of 
the muscle is obviously wasted. 

branch to another part of the adductor mass, contraction at 18. 

Branch to pectineus from anterior crural nerve, gives contraction 
feebly at 7, the muscle itself is obviously wasted. 


On examination within the spinal canal it was found that the 5th root 
was intact, two roots above it and two below it being imbedded in fibrous 
tissue &c. When the dura mater had been opened it was found that excita- 
tion of the distal end of the divided rootlets of the 3rd and 4th and 6th and 
7th nerves gave no detectable movement ; excitation of the rootlets of the 5th 
nerve produced movement at the root of the tail. The 9th rootlets gave 
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contraction in the tail. The 8th root was not excited because it was very 
adherent to the dura at one point. 

The cord shewed ascending degeneration to the naked eye even at the top 
of the cervical region, this degeneration proceeding from the dorsal root of 
the 6th lumbar chiefly, shewing that the ganglion of the dorsal root of that 
nerve had been injured at the time of the first operation. 

6, vi. 90. Young female. Ant. and post. roots of right 4th, 5th, 7th 
and 8th sub thoracio nerves divided in the spinal canal. 

8, vi. Keeps in sitting posture, reluctant to rise, but can erect itself 
fully. Knee-jerk absent right. 

6, vii. Springs freely about cage, but left side always kept toward the 
wired part (used for climbing) ; from roof hangs as often by right as by left 
leg. Grasps fairly with right foot, better than animal operated on 25, vi. 
Jerk absent right. 

8, viii. 90. Wasting of right anterior thigh muscles, of calf, and of outer 
hamstring. Knee-jerk absent on right side. 


Branches of anterior crural : 
to pectineus *+21 Left at 48. 
to sartorius, upper + 34 Pe 

lower + 20 
to rectus +18 
to vastus internus and crureus +13 „ 64. 
to vastus externus and crureus +14 „ 54. 

Nerve to tensor vaginae femoris + 7 „ 

Obturator: 
to gracilis +13 Left at 57. Muscle obviously wasted. 
to adductor longus +22 „ 54. 
to obturator externus + 27 „ 34. 
to adductor magnus +19 8593 

External Popliteal: 
to tibialis anticus +32 Left at 55. 


to extensor long. digitorum + 30 85 
to extensor prop. pollicis + 28 » 54. 
to extensor brevis digitorum + 22 oo = 


to peroneus longus - +34 „ 64. 
to peroneus brevis + 33 „ 
Internal Popliteal: 


to external head of gastrocnemius +18 Left at 54. 


* The sign + denotes in this and the following experiments Oontraction obtained at.” 
PH. XIII. 43 
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to internal head of gastrocnemius. Muscle much wasted. 


a branch + 9 Left at 54. 

B branch + 7 „ 54. 

to plantaris (much wasted) + 9 a» . 

to soleus (wasted) | + 7 „ 54 

* to tibialis posticus + 25 „ 35. 

to flexor longus hallucis + 26 jo 

; to flexor perforans + 25 „ 56. 
i 


Internal Plantar. 

Abductor hallucis and flexor brevis digitorum reply to strong stimulation 
i] of the trunk, i.e. current distinctly perceptible by the tongue. 

Adductor hallucis and accessorius reply to strong excitation of the trunk, 
4 ie. current distinctly perceptible by the tongue. Adductor hallucis replies 
| better than accessorius. No comparison made with left side. | 


; 3, vii. Male. The 6th, 8th, 9th and 10th roots of the right side anterior 
and posterior cut through proximal to the root-ganglia. Same evening, is very 
active in cage, moving rapidly but a little clumsily in coming down to the 
door. Picks up pieces of sugar with left, but not with right foot when hands 
are detained. 
15, vii. No detected impairment of movement. Tail is turned to left. 
Right knee-jerk brisker than left. 
26, viii. Knee-jerk brisker right than left. 
Some wasting of inner hamstring and calf of right side. 
Can grasp well with right foot. 
Tail is kept turned to left strongly. 
Anus normal in appearence. 
Anterior crural, and obturator. * 
Muscular branches severally tried right and left, and no difference 
H Nerve of hamstrings (sciatic branch) : 
to biceps, upper branch Tat 31 Left at 50. 
lower branch + at 33 
to semitendinosus upper branch + at 28 3 
lower branch + at 27 „ 50°. 


to semimembranosus + at 16 
to adductor magnus + at 23 io 
Internal popliteal trunk. ; 
Nerve to internal gastrocnemius +at 20 Left at 52. 
» external ” + 28 3 


” ” ” + 28 
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Branch to abductor hallucis +at39 Left at 59. 
= flexor brevis digitorum + at 39 „ 97. 
10 flexor brevis hallucis +at30- „ 58. 

Two lumbricales (judged by exciting nerve- 

trunk after cutting the above branches, 

and obtaining slight flexion of 2nd and 


3rd digits) + at 26 
External Plantar. 
Branch to abductor minimi digiti +at35 Left at 53. 
* accessorius + at 35 22 
9 flexor brevis minimi digiti + at 24 5 
» adductor hallucis and interrossei of 
2 or 3 digits + at 22 » v6. 
1 lumbricales and interrossei of last 
two digits ＋at 18 5 
External Popliteal. 
Branch to tibialis anticus +at30 Left at 46. 
+ at 29 » 47. 
* „ extensor longus digitorum + at 30 oa 


„  @xtensor proprius hallucis + at 29 
* extensor brevis digitorum + at 34 8 
„ peroneus longus + 23 
a peroneus brevis + 29 833 
nerve to obturator internus, cont. good at 25) not compared with 
„ quadratus femoris, cont. good at as} leſt 
„ sphincter ani and levator ani together, some contraction to be 
obtained, but not so good as on left side, on excitation of pudic. 
May 6, 1890. Male. On the right side the 6th, 7th, W 
cut through proximal to the root-ganglia. 
May 7. Obvious clumsiness with right leg, difficult to say in what the 
defect consists; can grasp with right foot, but is reluctant to climb the cage. 
Prolonged observation detects performance at one time or another of all 
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Nerve to soleus +19 Left at 51. 4 

” plantaris + 22 3 

* popliteus + 38 ” 50. 

» flexor longus digitorum + 38 „ 52. f 

„ flexor longus pollicis + 42 oo ; 

” ” ” „ + 43 8 

* ” ” ” + 43 ” 55. 

» tibialis posticus + 43 „ 55. 

Internal Plantar. 


| 
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primary movements at all the joints, but flexion of the ankle and extension of 
digits are certainly imperfect. “Interosseal” flexion of the digits was noted 
and also once full flexion of the hallux (i.e. long flexor). No abnormal 
appearance of anus. Tail is kept turned to the left. Knee-jerk much brisker 
right than left. Squats, and rises from squatting posture without obvious 
difficulty. 

May 28. No obvious clumsiness in movement. Peroneal flexion seems 
defective as tested by observer holding foot with sole inverted. 

June 13. Anus normal in appearance. Knee-jerk brisker right than left. 
Calf muscles and hamstrings wasted on right side. 

Muscular Branches of anterior crural and obturator nerves of right side 
reply at least as well as similar of left side. 


Branches of Nerve-trunk to hamstrings. 
to biceps, upper branch + 5 Left at 65. 
* lower branch + 26 „ 64. 


to semitendinosus, upper branch + 23 » 6. 
lower branch + 28 


to semimembranosus + 30 89 
to adductor magnus + 33 63. 
biceps is obviously wasted, especially at upper 15d 
Internal popliteal trunk. 
Nerve to internal gastrocnemius +at47 Left at 58. 
» external ” + at 34 » oe 
” ” ” + at 35 8 56. 
» plantaris +at 14 ic 
„ soleus +at 9 „5 
„ tibialis posticus + at 22 33 
1 15 » and flexor longus hallucis + at 24 33 
„ flexor longus hallucis + at 29 „ 64. 
” ” ” ” +at29 not found. 
» flexor longus digitorum +at23 Left at 56. 
„ popliteus + at 36 „ 50. 
Internal Plantar, branches of :— 
to abductor hallucis Tat 9. 
to flexor brevis digitorum Tat 8. 
„ hallucis + at 10. 


en (judged of by flexion of 2nd 
and 3rd digits on excitation of nerve-trunk 
after cutting the above branches). +9 
Left internal plantar gave contraction of all these at 40. 
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External Plantar, branches of :— 
to abductor quinti + 9) Left ext. plant. gave 
to accessorius + 0 contraction of these 
to flexor brevis quinti +10} at 43. 
to adductor hallucis interossei and 
lumbricales + 8 Left at 38. 


(At this part of the experiment both feet had become very cold.) 
External Popliteal, branches o 


to tibialis anticus +at25 Left at 53. 
” ” + at 26 
to extensor longus digitorum + 26 „ 55. 
4 proprius hallucis + 22 5353 
sf brevis digitorum + 26 „ 36. 
to peroneus longus + 29 89 * 
to peroneus brevis ＋ at 8 » em 
nerve to obturator internus + 32 3 
„ quadratus femoris + 30 » 44. 
„ levator ani and sphincter taken together in pudic trunk. Reply 
good—not compared with left side. 


The nerve to the left peroneus brevis when examined in osmic 'prepara- 
tions in transverse section revealed largish fibres, and quite small fibres, 
a considerable amount of sclerosis was obvious, in fact it looked as though 
much more than half the nerve-fibres must have disappeared from the nerve. 
Among those remaining there was no trace of degeneration. 

Feb. 1, 1891. Male. On right side the 7th, 8th, 10th, 11th, and 12th 
roots divided proximal to the root-ganglia. That evening obvious paresis of 
the leg. The leg was twice obviously at fault in getting across floor of cage ; 
the clumsiness seems to lie at ankle joint. Ankle is kept in a somewhat 
flexed position ; in springing up to bench from floor of cage the spring was 
made chiefly with the left limb. Foot can grasp. Root of tail deviates to 
left, and the tail itself is curved with concavity to left. No abnormality in 
anus. Knee-jerk decidedly brisker right than left. 

Feb. 7. Far less clumsy. Very active. 

Feb. 28. No obvious defect in movements in cage. 

March 15. Right calf obviously shrunken, also wasting of outer ham- 


string; Jof inner also. Knee-jerk brisker right than left. Tail is directed 


and curved to left side. 
Branches of nerve-trunk to hamstrings : 
to semitendinosus +20 Left side at 57. 
„ biceps, upper branch +18 Seo 
„ „ lower branch + 8 2 „ 59. 
„ semimembranosus 122 „38. 


Biceps is wasted, to inspection, but not especially at upper part. 
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Internal politeal trumk : 
nerve to external gastrocnemius + 8 Left side at 60. 
85 „* ” ” + 6 ” ” 60. 
„ „ internal gastrocnemius + 6 * „ 60. 
» „* plantaris +28 ” ” 58. 
„ „ Soleus +11 9 „ 59. 
„ „ flexor long. hallucis . 
5 „ ” ” digitorum +24 ” ” 59. 
„ „ tibialis posticus +29 - „ 57. 
» „ popliteus + 20 ” 58. 


external saphenus n. half way down the calf gives adduction of hallux 
and flexion of all digits at 26, left side at 60. 
internal plantar nerve gives flexion of hallux and all digits at 38, left at 
63. 
external plantar nerve gives adduction of hallux and all digits at 35, 
left at 59. : 


nerve to tibialis anticus . +38 Left side at 51, 
” +40 „ „ Ol. 
„ „ extensor proprius hallucis +42 
„ longus digitorum 741 
„ brevis digitorum +38 
„ „ peroneus longus +43 
„ peroneus brevis +37 


The Knee-jerk. 


The motor nerve concerned in the knee-jerk is well known to be the 
anterior crural, the muscle concerned to be the quadriceps extensor 
cruris. Not the whole of the quadriceps extensor or of the branches 
to it from the anterior crural trunk are, as I find, necessary for the 
“jerk.” The muscles chiefly concerned in it are the vastus internus and 
a part of the crureus. The branches of the anterior crural nerve to those 
two muscles contain therefore the motor fibres involved. If the branch 
given by the anterior crural nerve to the vastus internus and adjoining 
part of the crureus be cut through, the knee-jerk disappears or almost 
disappears at once, although the nerves to the rectus femoris (both 
parts) vastus externus, the subcrureus and a part of the crureus, all 
remain intact. If on the other hand all the branches given by the 
anterior crural nerve to the rectus femoris, vastus externus, and a part 
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of crureus are divided the “knee-jerk” remains brisk so long as the 
branch to the vastus internus and crureus be left intact. 

Schultz and Fiirbringer’ were the first to shew that the cutting 
through of the lumbar roots abolishes the knee-jerk just as does 
section of the anterior crural trunk itself. In 1878 Tschiriew’* stated 
that in the rabbit destruction of the cord at the level of the 6th 
lumbar nerve abolishes the knee-jerk ; Prévost* in 1881 shewed that 
section of the posterior root of that nerve in the rabbit abolishes the 
“jerk.” This observation, which has never been impugned, I have had 
frequent opportunity to confirm for myself; but I have found that section 
of the sixth root does not in every rabbit abolish the jerk and occasionally 
section of the 5th root alone suffices to do so. 

In the cat in my experiments contemporaneous section of all the 
spinal nerve-roots (both anterior and posterior roots cut together) of 
the lumbo-sacral region, if the sixth be spared only makes the knee- 
jerk brisk, but section of the sixth root (anterior and posterior roots 
together) instantly abolishes the jerk. 

Section of anterior roots adjacent to the 6th, even more than 
does section of the whole roots, anterior and posterior, increases the 
briskness of the jerk; it is the section of the efferent divisions of the 
spinal roots belonging to the great hamstring branch of the sciatic 
which plays the chief part in producing the briskness. When the jerk 
has been artificially exaggerated aslight persistence of it or its complete 
absence can be judged to a degree that is surprising to the experimenter, 
By using the exaggeration as a routine procedure one is enabled to 
state positively that section of the 6th lumbar posterior root (the 5th 
and other higher lumbar roots remaining intact) completely annuls the 
jerk. Section of only half the filaments composing the posterior root 
of the 6th is of itself sufficient to at once extinguish the jerk, at least 
it has been in each of five experiments; in two it was the upper set 
of the filaments that was divided, in three the lower set. In the same 
individual in which section of the posterior (dorsal) root of the 6th 
lumbar nerve abolishes the knee-jerk, section of the anterior root 
greatly diminishes the knee-jerk but does not abolish it. If the jerk be 
previously rendered exaggerated it is usually easy to detect that although 
very much reduced, indeed almost to extinction generally, the jerk is 
not absolutely abolished by the section. If then section of the ventral 


1 Otbt. f. Med. Wiss. p. 929. 
2 Arch. f. Psych. vu. 
3 Rev. Med. Suisse Romande, Mars, 15. 
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root of the 5th be practised complete abolition of the jerk results forth- 
with, 

In virtue of the very circumscript region of spinal outflow and inflow 
of the nerve-fibres which subserve it, the knee-jerk affords a somewhat 
facile test of the character of the plexal arrangement of the individual, 
ie. of whether the arrangement belongs to the prefiwed or postfimed 
class. In the cat the test was applied to twenty-five individuals with 
the result that in fourteen the jerk was abolished by section of the 
6th lumbar root alone but in one it was not; in three it was almost 
extinguished by section of the 5th lumbar root alone, and in seven 
section of the 5th root did not obviously affect it. Of course it is 
possible that it would have been abolished by section of the 6th lumbar 
root alone in each of the ten cases in which section of the 5th did not 
abolish it. In three cases in which section of the 5th lumbar was chosen 
that root was selected because the intrinsic muscles of the foot had been 
previously suspected in the particular individual not to receive fibres 
from the 9th subthoracic but only from the 8th. In some individuals 
therefore the root on which the jerk chiefly depends is the 6th lumbar, in 
others the 5th lumbar. 

In Macacus rhesus experiment revealed no instance in which 
section of the 5th root (whole root, anterior and posterior) failed to 
abolish the jerk. Section of the 5th lumbar root abolishes the “jerk” 
at once; on the other hand section of the adjacent roots may be 
practised contemporaneously on as many as seven or eight, without 
producing any effect on the jerk except to render it more brisk. 

Section of the posterior root of the 5th lumbar spinal nerve 
abolishes the jerk at once, as also does section of even a half of it, (three 
experiments). Section of the anterior root of the 5th nerve I supposed 
after as many as eight experiments to completely abolish the jerk ; it was 
only after repeating the experiment with previous section of the ventral 
roots of the 6th, 7th, 8th and 9th roots and vagal stimulation in order to 
exaggerate the “jerk” to the utmost that I was able to satisfy myself 
that the jerk in Macacus is not absolutely abolished by section 
of the efferent root of the 5th lumbar, but only very much 
diminished; a remnant of the jerk persists so long as the 
efferent root of the 4th lumbar remains intact. It may be 
urged that as regards the destructive effect on the “jerk” of dividing 
one half only of the filaments of the 5th posterior root the operation 
necessarily involves damage to the other half in the separation of 
the two sets of filaments. Some reply to this objection is offered by 
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the following observation. On one occasion the cutaneous area of 
distribution of the 5th root was delimited before and after section of 
the half of the root, and was found to be hardly diminished at all 
by the section; on several occasions the cutaneous area of distribution 
of the area of the 6th root was delimited before and after section of half 
the posterior root and found to be hardly diminished at all by section of 
half its filaments. Therefore in these instances as judged by cutaneous 
reactions section of half a posterior root did not detectably damage 
the functions of the remaining half of the root. It became clear 
therefore that in macacus the efferent roots essential for the 
“jerk” are the 4th and 5th lumbar, the afferent root essential 
is the 5th lumbar. 


I have referred to the fact that section of the anterior (ventral) 
roots of the spinal nerves below the ones on which the “jerk depends 
renders the “jerk” more brisk than it is normally. Section of the 
posterior roots (dorsal) has a similar effect. This fact I did not 
notice until a great part of the above observations had already been 
made; its explanation appears to lie in the abolition of the tone 
of the hamstring muscles by section of the afferent roots belonging to 
them. This marked effect on the “jerk” of section of the afferent roots 
of the hamstring nerves and the lasting character of it is exemplified 
by the following. 
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Dec. 9. 1890. Section of 6, 8, 9 sub-thoracic (dorsal) roots R. 

Dec. 10. Knee-jerk brisker on right side than left. 

Feb. 28, 1891. Knee-jerk brisker on right side than left. 

Macacus rhesus p. 

June 8. Section of the dorsal divisions of the 6, 7, and 9th left sub- 
thoracic nerves. 

June 8. Kneejerk brisker on left side than right. 

Aug. 26. Knee-jerk brisker on left side than right. : 

Macacus rhesus J. 

Dec. 14, 1890. Section of the dorsal roots of the 7th and 8th right 
sub-thoracic nerves. 

Dec. 14. Knee-jerk brisker right than left. 

March 5. Knee-jerk brisker right than left. 

Macacus rhesus F. 

Oct. 3. Section of the dorsal root of the 8th right sub-thoracic nerve. 

Oct. 3. Knee-jerk brisker right than left. 

Dec. 9. Knee-jerk brisker right than left. 

Immediate and lasting results confirmative of the above were noted 
in other experiments on Macacus in which both anterior and posterior roots 
were cut together, cf. examples quoted above, pp. 660—666. 

Section of the sciatic trunk itself at the upper part of the thigh also 
increases the jerk as Tschiriew’ pointed out. 


I have several times noticed that the lumbo-sacral region of the cord 
of rhesus may be divided by a longitudinal section carried along the 
middle line into right and left halves without impairment of the knee- 
jerk of either leg. I have made the slit from the origin of the 2nd 
lumbar rootlets to the end of the cord without obviously diminishing 
the knee-jerk either right or left. 

It may be noted in passing that in rhesus after transverse section 
of the cord at the level of the 9th thoracic the knee-jerk disappears, in 
my experience, in about 10 minutes’ time: it disappears to return 
gradually, first becoming detectable in about three’ weeks time; from 
its reappearance onward the jerk gradually increases until in a couple 
of months it is exaggerated and remains so. After a complete transverse 
section of the cord at the level of the Ist lumbar root with partial 


section at the 3rd lumbar the jerk disappeared, but not to reappear, at 


any rate not for six months through which observation was continued. 
The abolition of the “jerk” produced by the cutting of the posterior 


1 Arch. J. Psych., loc. cit. 
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root of the 5th lumbar in macacus or of the 6th in cat and rabbit is 
immediate. The “jerk” when tested 12 seconds after section of the 
root is gone. After complete transverse section of the cord at the 
Ist lumbar the knee-jerk” becomes, in the cat, almost at once, i.e. in 
a few minutes, exaggerated, and this forms a favorable circumstance 
for testing its presence or its absence. In macacus the section of the 
spinal cord has not that re-enforcing effect, and observation on the 
“jerk” becomes difficult from failure of the phenomenon under the 
general depression induced by the operative procedure and prolonged 
action of the anesthetic. So serious is the difficulty with Macacus that 
I at one time nearly abandoned observations on immediate effects upon 
the “jerk.” For the sake of others who may find the same difficulty 
I may say that one finally met it successfully by employment of certain 
influences which tend to immediately exaggerate the “jerk”; one 
method at command lies in section of the anterior roots of the 6th, 
7th, and 8th sub-thoracic spinal nerves (motors to hamstrings) or of the 
posterior roots of the same nerves; another lies in strong excitation of 
the distal end of either of the vagus nerves which as a result of the 
minimal blood pressure soon causes a brisk “jerk” even if the “jerk” 
be absent when the excitation is commenced (extensor spasm of a 
tonic nature may eventually supervene); a third method is induction 
of dyspnea, which as lately shewn by Hughlings Jackson and 
R. Russell usually exaggerates’ the “jerk” at a certain stage before 
finally depressing it. It may be added that I find both the vagal and 
dyspnœic increase can be produced after the cord has been previously 
severed in the thoracic region, so are, at least in part, spinal. 


With regard to the effect of anesthetics on the “jerk,” a better proof of 
the action of chloroform being rapid and direct on the nervous mechanisms of 
the cord itself could hardly be found than in the speedy abolition of the 
‘*jerk” by chloroform inhalation when the cord has been previously divided 
in the thoracic region. In a Macacque in which the cord had been 
transversely divided at the 9th thoracic root-level five months previously, 
chloroform abolished the “jerk” within a few seconds after abolishing the 
eyelid reflex, and as quickly as in a normal Macacus chloroformed at the 
same time. In the cat even when the “jerk” is exaggerated, the cord 
having been divided a short time previously (thirty minutes), on pushing 
the depth of anesthesia the “knee-jerk’’ fails as rapidly, it has seemed 
to me, as before the cord has been divided. One difference has however 
appeared to exist in the effect of the anesthetic on the “jerk” after the 


J. Hughlings Jackson. Brit. Med. Journal, Feb. 13, 1892. 
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lower cord is isolated by section in the thoracic region namely, that on 
discontinuance of the inhalation the “jerk” is tardier in its reappearance 
when the lower region of the cord has been isolated than when its connection 
with the upper cord and brain remain intact. 


Section III. 
MOTOR ROOTS TO MUSCLES OTHER THAN THOSE OF THE LIMB. 


Of the Anus. 


When all the nerve roots of the sacral region have*been divided both 
right and left the anus still remains closed in the cat and macaque; but 
it is less retracted than in the normal condition, indeed it may protrude 
somewhat. On being opened by the passage of for instance a surgical 
sound it does not grip the instrument and remains patent after the 
withdrawal of the sound. If then certain of the anterior nerve roots 
be stimulated smart closure of the orifice immediately follows. 

The nerve roots which give this closure are in the cat, the 8th and 
9th sub-thoracic, more rarely in my experiments the 7th. In macacus 
rhesus the nerve roots which close the anus’ have been in sixteen 
experiments the 7th, 8th, 9th. I met with no instance in which the 
10th root gave closure of the anus. The action was most easily and 
powerfully induced by the 8th root; often the action was very feebly 
represented in the 7th root, occasionally very feebly in the 9th root. 

In both of two experiments on the bonnet monkey, the anus was 
very forcibly contracted on excitation of the 7th root, quite feebly on 
excitation of the 9th root; this result being an instance of the high 
type which in my few experiments seemed to prevail in the bonnet 
monkey. 

Two points of interest may be mentioned in regard to the innerva- 
tion of the sphincter ani. The anus does not become patulous, that is to 
say it does not remain patent for a time after being thrown open, so 
long as any one of the motor roots supplying it remains uncut; further 
when of the six roots supplying it, all three of one side were divided, no 
asymmetry of the anal orifice when the sphincter was at rest or 
sometimes when in action was detected. Secondly, excitation of for 
instance the right hand roots supplying the sphincter appeared at first 
sight, if strong, to cause a contraction of the entire circumference of the 


1 Cf. Sherrington. Brit, Med. Journ. May 9, 1891. 
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orifice ; sometimes it was hardly obvious even that the right hand half of 
the sphincter contracted more vigorously than the left, although on 
minute examination especially under minimal excitation that did always 
seem to be actually the case. An incision carried through the sphincter 
along the median line of the body limits the contraction to the half 
of it on the same side of the body as is the nerve root subjected to 
excitation. On one occasion, in the rabbit, the 8th root gave with 
minimal currents a contraction of the anus almost limited to one side. 
On one occasion in Rhesus, division of the 8th and 7th roots of the 
left side made the anal orifice obviously asymmetrical. 

This overlap of the distribution of motor fibres of the right and left 
halves of the body is comparable to the crossing of the median line 
by the pilo-motor fibres to the scalp and tail’, or to the mutual 
interference of action of the inhibitory fibres of the right and left 
vagus nerves in their influence upon the heart“. 

But the relationship of action between the portions of the sphincter 
situate on either side the median line is very close. Constriction and 
protrusion of the anus, either both movements together or one apart, 
may be very readily elicited by excitation of the proximal piece of the 
9th or of the 8th sub-thoracic posterior (afferent) root after section of 
that root in the spinal canal. The anal closure thus reflexly evoked 
rarely betrays the unilaterality of its source of origin. 

Constriction and protrusion of the anus can also be induced by exci- 
tation of the cerebral hemisphere. Movement of the anus, generally 
constriction with or without protrusion, can be elicited from the whole of 
the somewhat extended area of cortex shaded in Figs. 4, 5, Pl. XX. 
Indeed it may ensue on excitation quite outside that area if the excita- 
tion be pushed to the production of epileptoid convulsions ; its place in 
the sequence of the Jacksonian “ march will then be late, but is early if 
the excitation is similarly pushed within the area indicated in the figure. 
By weak stimulation in the small area marked A in the figure movement 
of the anus can be obtained unaccompanied by movement of other parts, 
or by constriction of the vaginal orifice only. As the electrodes are 
gradually shifted from that focal area backwards movements of the anus, 
vagina, and pedal digits are evoked together or in various sequences; 
when the electrodes are set further forward than the focal region (A), 
movements of the anus, vagina, and tail result, the tail often leading in 
the sequence undergoing adduction toward the side opposite that on 


Langley and Sherrington. This Journal, Vol. xu. p. 278. 
1 Gamgee and Priestley. This Journal, Vol. I. p. 30; Tarchanoff, Arch. de Phys. 1875. 
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which the cortex is excited. The cortical focus for movement of the 
anus lies therefore in Macacus medial to Ferrier’s’ “tail centre,” and 
near the glutœus centre of Schäfer and Horsley on the medial 
aspect of the hemisphere’. 

Now anal movement evoked from the cortex is, although not strictly 
unilateral, more marked on the crossed side than on the same side of 
the body. If the left cortical area be excited with minimal currents the 
right side of the anus moves obviously more than does the left; when 
the pitch of excitation is gradually increased it becomes less easy and 
soon difficult or impossible to detect a preponderance of the action of 
either side. 

A light lever lodged in the anal orifice greatly assists the detection of 
inequality of the bilateral action of the anus by shewing deflection to either 
side from a neutral position of rest in the median plane. 


The close association between the action of the two sides is well 
displayed by experiments of which the following will serve as example. 


Macacus rhesus, P. 4. C. K mixture. Lower lumbo-sacral roots of the 
right side exposed in the spinal canal. Upper part of left “motor” cortex 
uncovered. Excitation of a point (a) on mesial face of hemisphere 3 mm. 
below top of marginal gyrus, and opposite posterior end of sulcus æ, evokes 
closure of anus without other movement or as-opening movement of a 
sequence which runs 1. closure of anus, 2, closure of vagina, 3. extension of 
the pedal digits with adduction and flexion of hallux. Another point (8) is 
found about 2 mm. behind top of sulcus centralis which under weak excita- 
tion gives flexion and adduction of the hallux without any movement of anus. 

11.5. Ku. Secondary coil at 14 cent. Electrodes applied at point (a) 
give a closing movement of the anus markedly preponderant on the right 
side of the median line. 

11.6. Electrodes applied at point (8) give adduction and flexion of hallux 
of right side without any movement of left hallux. 

Then the 10th, 9th, 8th, and 7th sub-thoracic roots on the right side are 
cut through. 

11.8. Secondary coil at 14c. Electrodes applied at (a) evoke no move- 
ment in anus, and (8) no movement in either hallux. 

Secondary coil at 13 c. Electrodes applied at (a) evoke movement in 
anus chiefly on left side of median line. Applied at (8) no movement in 
either hallux. 

Secondary coil at 12c. Movement at anus evoked from (a) appears to 


1 Proc. Roy. Soc., 1875. 
2 Phil. Trans. 1888, B. p. 11; Schäfer, Ludwig's Festgabe, p. 269. 
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involve whole circumference of orifice, but preponderates on left side. No 
movement of either hallux elicited from (g). ; 


Secondary coil at lle. At (a) excitation gives strong closure of the 
anus not obviously asymmetrical in character. At (8) excitation gives no 
movement of either hallux. 

Secondary at 10c. Same as above. 

Secondary at 9.5 c (a) as before. Excitation at (8) gives adduction of 
eft hallux, but no movement of right hallux. 

Thus the increment of exciting current requisite to evoke by cortical 
stimulation contraction not only on the crossed side of the anal sphincter 
but also on the side in the same half of the body as the hemisphere 
excited, is less than the increment required to evoke movement of the 
“uncrossed ” hallux as well as of the “ crossed.” 


Of the vagina 

Closure of the entrance to the vagina results in Rhesus on excitation of 
the 8th and 9th sub-thoracic roots, (2nd and 3rd sacral). Three times in 
sixteen experiments excitation of the 7th root gave a dubious contrac- 
tion. In the cat excitation of the 8th and 9th sub-thoracic roots, causes 
strong constriction of the orifice of the vagina. The closure is sharp, 
and the contraction which brings it about not limited strictly to the 
orifice but to be felt by the finger extending for some distance up from 
the orifice. Usually the 9th causes a rather more powerful contraction 
than the 8th. As in the case of the anus, moderately strong excitation 
of a root on the right or left side appears to throw into action both 
sides of the sphincter. The contraction is in a sense bilateral. An 
incision through the sphincter in the median line prevents the half on 
the side opposite to that to which the nerve root stimulated belongs 
from participating in the action. 

Just as for the anus so also for the vaginal orifice an intimate 
relationship exists between the movements of the portions situated on 
the opposite sides of the median line. And just as anal movements are 
elicitable by excitation of the cortex cerebri, so also are movements of 
the vaginal orifice, each hemisphere being preponderantly connected with 
the musculature of the opposite half of the sphincter. The cortical area 
from which movements of the vagina are elicitable is not so extended 
as that productive of anal movements, at least not in the individuals 
examined by me which it is to be remembered were not sexually mature. 
The focus of the area for vaginal movement was found a little (2 mm.) 
in front of the focus for anal movements. In the adult cat and dog 
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this focal area is easy of demonstration and lies in the posterior limb of 
the sigmoid gyrus just mesial to the front end of the ansate fissure of 
Langley’, (cf. fig. 6, Pl. XX.) 


Bechterew and Mislawski’ in a recent paper state that the rhythmic 
contractions of the vaginal cavity of the Rabbit and Dog can be augmented 
or diminished by stimulation of various parts of the brain, among others of 
the posterior limb of the sigmoid gyrus in the latter. My own observations 
relate only to the sphincter muscle of the orifice and that does not under 
ordinary circumstances display tonus obviously rhythmic in character. 


Of the Urinary Bladder. 


Our first accurate knowledge of the relation of the motor nerves of 
the bladder to spinal nerve roots is due to Budge'. From experiments 
on dogs he concluded that two sets of nerves exist for the bladder, 
the one set contained in the anterior roots of the Ist, 2nd, and 3rd 
sacral nerves, the other set in the hypogastric plexus; the latter set 
he believed sensory, the former set motor. “Im plexus hypogastricus 
liegen nur sensible Fasern und keine motorischen!“ Sokownin 
writing five years later recorded that excitation of the spinal cord in 
the neck produces contraction of the bladder even after the cord has 
been cut across at the level of the 7th lumbar nerve“. H. Nussbaum“ 
found in the cat that (1) motor fibres to the bladder pass out from the 
cord in the 2nd and 3rd sacral roots, and also to a slight extent in the 
lst sacral root, and (2) that some motor fibres to the bladder leave the 
cord just below the level of the 3rd lumbar and enter the sympathetic 
chain. Langley speaking recently of the innervation of the pelvic 
viscera in the rabbit says The bladder likewise has a nervous supply 
in general similar to that of the descending colon. Of the descending 
colon he says: “There is a set of motor fibres in the 2nd, 3rd and 4th 
sacral nerves perhaps also in the Ist, but chiefly in the 3rd and 4th. 
There are also efferent fibres to the colon in the lumbar sympathetic 
chain, stimulation of it from about the 2nd to the 6th ganglia of the 


1 This Journal, Vol. tv. p. 248. 8 

2 Archiv F. Physiol., March 17, 1892. 

Zeitschr. f. ration. Med. 1864, XXI. p. 1 and 174. 

4 Pfliiger’s Archiv, 1872, vi. p. 306. 

5 Russian, reported in Hoffman and Schwalbe’s Jahrsbericht, vi. iii, 87 (1877). 

Russian, reported in Hoffman and Schwalbe, vm. ii. 64, (1879). 

7 J. N. Langley. Proceedings of Physiological Society, Deo. 18, 1890. This Journal, 
Vol, xu. p. xxiii. 
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sympathetic chain causes usually a brief contraction of the descending 
colon.” 

Still more recently the motor nerves of the bladder have been 
experimentally investigated by Nawrocki and Skabitschewsky’. 
Their experiments were made upon the cat as were Nussbaum’s and 
my own, and they found that the motor nerves of the bladder consist 
of two sets. An upper set passes from the spinal cord by the anterior 
roots of the 4th and 5th lumbar nerves, a lower set by the anterior 
roots of the 2nd and 3rd sacral nerves, and thence into the plexus 
hypogastricus. 

All of the above-mentioned observers determined the presence or 
absence of contraction of the bladder by simple inspection of the 
organ when exposed to view. 

In 1882 Mosso and Pellacani registered the movements of the 
bladder graphically and shewed that the bladder like the spleen (Roy) 
is continually undergoing rhythmic contraction. This fact is indeed 
most salient in any experimental investigation of the organ by the 
graphic method (Figs. 4, 5 and 7; Plate XXII.). In attempting in 
Macacus to ascertain which nerve-roots contain efferent fibres to the 
viscus, the difficulty of distinguishing by simple inspection the effect of 
the nerve-root upon an organ constantly pulsating under spontaneous 
contractions seems to demand the use of graphic records for the purpose. 

Therefore in all the observations on which the following description 
is based contraction of the bladder was recorded by a graphic method. 
The registration was effected without opening the abdominal cavity at 
all. A glass cannula introduced through the membranous urethra well 
into the cavity of the bladder connected the urine inside the organ with 
a water-filled system ending in a wide water manometer. A float in 
the latter conveyed its own movements depending on alterations in the 
surface-level of the water to the long arm of a light and counterprised 
lever. The width of the manometer tube was made great enough to 
avoid complicating the record by subjecting the bladder to any but 
insignificant changes of pressure; the records may be considered 
therefore rather as volumetric than manometric. The water in the 
recording system was kept approximately at the temperature of the 
blood. In some of my experiments the viscus was relieved from the 
variations in intra-abdominal pressure that accompany the respiratory 
movements by the laying that cavity freely open along the linea alba; 

1 Pfliiger’s Archiv, Vol. 49, p. 141, 1891. A Note of my own observations in Macacus 
was published May 9, 1891, in the Brit. Med. Journal: 
PH, XIII. 44 
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but the variations in intra-abdominal pressure were found to be very 
small, and it is easy to record them synchronously on the same cylinder 
as receives the bladder trace, if a very thin walled and flexible bag is 
introduced into the abdominal cavity, filled with water and connected 
with a water manometer, the level of the water in the manometer 
being recorded by a float, without magnification. The registers of two 
experiments performed in this way slowed the variations in intra- 
abdominal pressure during the deep anasthesia induced to be so 
extremely slight, not more than two millimetres of mercury, that they 
may be disregarded as sources of confusion in the interpretation of such 
extensive alterations in the volume of the urinary bladder as resulted 
from excitation of certain anterior roots. 

The number of experiments made to determine the position of the 
efferent outflow to the bladder was sixteen, seven in the cat, nine in 
macacus. As the results have not been quite constant they are given 
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It will be seen therefore that in the cat the observations agree 
closely as regards the sacral outflow with the original observations of 
Budge, but that they confirm the more recent observations as to the 
existence of a motor outflow in the upper lumbar anterior roots. 

In the seven experiments on the Cat motor fibres were present each 
time in the Ist, 2nd and 3rd sacral, and in the 3rd, 4th and 5th lumbar 
roots, on two occasions in the 2nd lumbar root also. The lowest two 
lumbar pairs were on no occasion found to contain motors to the bladder. 
In macacus in each of nine experiments the Ist and 2nd sacral and the 
3rd and 4th lumbar roots contained efferents to the bladder, in eight of 
the experiments there were efferents also in the 2nd lumbar root, in 
seven in the 3rd sacral root, in one probably in the 5th lumbar root. 
With that one perhaps doubtful exception the lowest three lumbar roots 
gave no evidence of efferents to the bladder. 

These are therefore the lower and upper sets of efferent fibres to 
the bladder from the spinal cord. Of these the lower set causes the 
more powerful contraction in the viscus. This can be seen from the 
tracings in Figs. 2 and 3, Plate XXII. The contraction produced by the 
2nd sacral root is usually more powerful than that produced by any 
other root. The contraction produced by the sacral roots appears 
somewhat different in character to that produced by the lumbar roots; 
it is not only more powerful but follows more quickly on the excitation, 
and often appears not to be so long lasting as is the contraction caused 
through the upper lumbar roots (cf. tracings Figs. 2 and 6 with 3, Plate 
XXII.) These differences may perhaps all have their explanation in 
mere strength of contraction, and be less qualitative than merely 
quantitative in character. The slighter and less abrupt contractions 
given by the upper lumbar roots require some word in passing to 
relieve them from suspicion of being a simply mechanical result of 
respiratory action or of compression by the muscles of the abdominal 
wall also innervated by the upper lumbar ventral roots. Regarding 
the first point it suffices to say that they can be produced under 
curarisation or when the respiration has been stopped by pushing the 
administration of chloroform; regarding the second point the answer 
is that they persist when the lumbar nerves have been cut through 
from the interior of the abdomen outside the edge of the psoas muscle. 
An objection more difficult to meet is that they are nothing else than 
the spontaneous contractions of the bladder which recur from time to 
time; this latter suspicion gains weight from the fact that the time 
elapsing between the excitation of the lumbar root and the contraction 
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of the bladder so evoked is often long and appears to be somewhat 
variable, and further from the fact that, at least in my experiments 
the phenomenon although the rule, sometimes lapses unaccountably, 
even in the course of an experiment in which it has been and later 
becomes again obtainable with great constancy. : 

In order to critically examine this objection I endeavoured first to 
bring the bladder into a condition of rest and of freedom from rhythmic 
contraction by performing transverse section of the cord in the lower 
dorsal region. Goltz’ it is true, pointed out as long as eighteen years 
ago, that normal micturition may take place in a dog in which the 
lumbar region of the cord has been completely and permanently 
separated from the upper dorsal region by section. In his experiments, 
days or weeks were allowed after the performance of the section for 
restoration of the functions of the cord. But A. Mosso and Pellacani? 
found in experiments made on the same day as the operation on the 
cord was performed, that section, even incomplete, of the spinal cord 
in the lower dorsal region, that is to say section carried through only 
the posterior columns and the posterior part of the lateral columns, 
sufficed to annul all active contractions in the bladder even when 
stimulation was applied not only to the fore limbs but also to the hind 
limbs, i.e. pinching hind foot etc. Lexcitation des extrémités 
antérieures reste sans résultat; il en est de méme des extrémités 
postérieures.” I was somewhat surprised to find that in my experi- 
ments complete transverse section of the cord at the level of the 
12th thoracic root did not in Macacus, or in the cat, arrest the 
movements of the bladder even temporarily. The effect of the 
section is to cause a strong contraction of the viscus, which after that 
contraction has passed off subsides again at once into a state of rhythmic 
activity not obviously different from what it exhibited previous to the 
section. The rhythmic activity is literally not interrupted for more 
than a couple of minutes, if indeed it can be said to be interrupted at 
all when the interruption is of the nature of a spasm and in no sense 
a relaxation or repose. 

Section of the cord having thus failed in my hands to arrest the 
bladder contractions it remained to try combined section of all. the 
anterior roots of the nerves supplying motor fibres to the organ. As 
motor fibres to the bladder had never been evidenced in the 6th and 7th 
lumbar roots and as those roots are large and accompanied by large 


1 Pfliiger’s Archiv, 1874, p. 478. 
1 Arch. Italiennes de Biol. 1882, p. 33. 
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veins and as I did not desire to add to the adverse conditions of a 
necessarily severe operation, I determined to leave those roots intact, 
but to cut all the other nerve roots lumbar and sacral in the spinal 
canal both on right and left sides and both in their dorsal and ventral 
divisions. This done I found the rhythmic activity of the organ 
still continue. 

The tracing in Fig. 4, Plate XXII. illustrates the rhythmic activity 
of the bladder after section of all the above-mentioned roots. The form 
of the contractions can be clearly seen-in spite of complication by 
somewhat irregular respiratory movements. It might be urged that 
irregularity of the respiratory movements here really largely produced, 
by cumulative action, the variations obvious in volume of the bladder ; 
to escape such source of fallacy curare was then administered in the 
same experiment and twenty minutes later a further tracing (Fig. 5, 
Plate XXII.) taken with artificial respiration removed and with A. c. E. 
mixture pushed for the time to an extent sufficient to ensure absence 
of all extraneous muscular movement. It will be seen that the vesical 
rhythm persists in a practically unaltered manner in spite of these 
conditions. The inference to be drawn must be that the causation of 
the rhythmic contraction appertains to the peripheral ganglia connected 
with the motor nerves of the bladder or to the muscular tissue of the 
organ. To test this point the following experiments were employed. The 
bladder was connected as in the other experiments with the recording 
volumetric gauge, and the animal then killed by rapid blood-letting 
from the carotid; the bladder record was allowed to continue when 
death had occurred, and it was then seen that long after the heart 
had ceased to beat the contractions of the bladder went 
vigorously forward. The tracing in Fig. 1 was obtained 50 minutes 
after death. The irregularity of the curves was at first a little surprising, 
but is explicable as the result of the interference of some other contrac- 
tions with the vesical, whether of adjacent viscera as seems most probable 
or of the abdominal wall itself (cp. Brown Sequard’s observations on 
the post mortem contractions of muscle’) does not appear quite certain. 
This irregular character of the curves of bladder contraction disappeared 
on opening the abdomen and shielding by wire guards the bladder as it 
lay in situ from direct contact with adjacent viscera and from the 
anterior wall of the abdomen. The regular character of the curves then 
obtained is exemplified by the tracing Fig. 10, Plate XII. 

Similar contractions but not in such equable or long lasting series 

1 Arch. de Physiologie norm. et path. p. 675, 1889. 
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can be obtained by removing the viscus from the recently killed animal, 
placing it in normal saline solution at a temperature of 38°C. and 
connecting the interior of it with any volumetric recorder. For this 
purpose the bladder of the dog answers better than that of Macacus 
or of the cat. The temperature must be carefully adjusted; a pressure 
of 2—4 cm. of water for the monkey’s bladder, of 4—8, for the dog’s 
bladder constitutes a favourable condition, although it must be remem- 
bered that in employing such an adjuvant as pressure one is perhaps 
introducing a new factor in the shape of direct excitation by tension 
of the muscular fibres of the wall. 

It seems therefore justifiable to suppose that here, just as Engelmann 
has shewn to be the case in the middle third of the ureter of the rabbit, 
and as Gaskell, Luchsinger, McWilliam and others have shewn 
of the heart of the frog, tortoise, &., the rhythmic action of the 
monkey’s bladder arises in its own muscular wall. Its ‘beat’ 
like the heart’s is of intrinsic origin. 

It is therefore not easy to reduce the spontaneous contractions 
of the bladder so that an even line is obtained on the graphic trace 
from which as from a zero level any small contractions caused by direct 
excitation of a certain number of efferent fibres will rise upward in 
an unmistakable manner. By pushing the chloroform anesthesia to a 
severe depth after a heavy dose of morphia combined with atropin the 
spontaneous contractions are often greatly reduced and it was under 


these conditions that tracings like those seen in Figs. 2, 3, 6, 9, Plate 


XXII. were obtained. The tracings reveal unequivocal diminution in the 
bladder-capacity on excitation of the particular roots already enumerated 
in the tabular statement. The contraction of the bladder produced by 
excitation of the lumbar roots is considerably weaker than the contrac- 
tion elicited by the sacral roots, and this difference appears to be more 
marked in macacus than in the cat. 

The region of outflow of the motor fibres to the bladder is both in 
Macacus and cat a region of considerable longitudinal extent. The 
region of lumbar outflow does not appear to be quite the same in the 
two types; in the monkey instead of extending as low as the 5th root 
it generally descends only to the 4th root; on the other hand in 
Macacus it extends upward to the 2nd lumbar root but in the cat 
I have not found it above the 38rd. In Rhesus the upper end of the 
whole outflow is at the 2nd lumbar root, the lower end at the 3rd sacral 
root. But a break in this outflow occurs about half-way down it; in 
none of nine experiments could I obtain any contraction of the bladder 
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from excitation of the 6th and 7th lumbar roots and only in one of 
nine individuals from the 5th root (perhaps a doubtful exception). In 
the cat a similar break lies at the two lowest lumbar roots (again the 
6th and 7th subthoracic.) If as one may suppose (vide infra) the 
position of the outflow of the efferents fairly indicates the position of 


the nucleus whence they come then we may suppose that a long nucleus 


for the bladder exists in the lumbo-sacral region, which has however a 
gap in its continuity, the gap corresponding to the cord segments 
between the 5th and 8th sub-thoracic. The outflow from the anterior 
roots above the gap is into the sympathetic system, from the anterior 
roots below the gap is direct by the sacral nerves. To a suggestion as 
to the wherefore of this gap I hope to return later. 


A marked difference between the character of the contraction of the 
bladder produced by excitation of any of its motor spinal roots and the con- 
traction similarly produced in the anal or vaginal orifices is the stricter 
unilaterality of the former (bladder) as compared with the latter. The most 
powerful motor root to the bladder, eg. 2nd sacral, causing as it does most 
forcible contraction of the viscus does not give a contraction which obviously 
oversteps the median line of the viscus. This fact one first learnt when with 
Dr Joseph Griffiths in 1888 engaged in the laboratory in some experiments 
still unpublished. The opposite half of the bladder is merely passively 
affected nor does the wave of contraction obviously spread from the active 
half of the organ to the passive—a remarkable fact considering the unstriate 
nature of its muscular tissue. Under the contraction the shape of the 
viscus becomes asymmetrical and is curved over to one side in a manner too 
striking to be forgotten if once seen. I have up to the present looked in vain 
for unequivocal evidence of contraction of the bladder in reply to cortical 
excitation, either in monkey, cat or rabbit. 


Of the Oremaster Muscle. 


The cremaster muscle is in Rhesus thrown into contraction and the 
testicle is therefore, when descended, raised on excitation in the spinal 
canal of the second and third lumbar anterior roots. The contraction 
caused is sometimes more vigorous in the case of the 3rd than of the 2nd 
root, and never vice versa so far as I have seen (nine individuals). In 
one experiment excitation of the 2nd lumbar caused no contraction of 
the cremaster, but in that experiment excitation of the 4th lumbar gave 
good contraction of the cremaster, which it did not in any other experi- 
ment do. I have paid particular attention to the innervation of the 
cremaster because Ferrier and Veo did not obtain contraction of it on 
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stimulating the second lumbar root, a fact of some importance in 
translating their results to man’. In my own experiments contraction 
to the 2nd root happened constantly until the seventh experiment was 
reached. Once only out of the nine experiments did excitation of 
2nd lumbar fail to elicit contraction of the cremaster. 


Of the rownd ligament of the Uterus. 


On excitation, inside the spinal canal, of the 3rd lumbar anterior root 
of Rhesus, the round ligament of the uterus is immediately thrown 
into contraction“, the contraction lasting within limits as long as the 
tetanising current is maintained. Excitation of the 2nd lumbar root 
has the same effect; occasionally (twice in eleven observations) excita- 
tion of the 4th lumbar produced the contraction; in one of these two 
exceptional instances, the 2nd lumbar root did not produce the contrac- 
tion which it had in every other instance done. 

In the cat a similar contraction of the round ligament is produced 
by excitation in the spinal canal of the 3rd and 4th lumbar anterior roots. 
Outside the spinal canal the nerve-fibres causing the above effect on the 
round ligament can be found in the trunk of the genito-crural nerve and 
followed into the genital branch. 

So quick and steady is the contraction produced that I could not 
believe it the contraction of muscle fibre of the nonstriate kind, and 
therefore examined microscopically the tissue of the round ligament of 
rhesus and found it to consist of striate muscle fibre of ordinary 
appearance. On searching the literature of the subject I find that the 
text-books with as far as I know but one exception describe the 
ligament as consisting of plain muscular fibre, and make no mention 
of striate fibre in it. Rainey, the teacher of Anatomy at St Thomas’s 
Hospital, pointed out in 1845° that the human round ligament 
consists in great part of muscular tissue of the striate kind. Regarding 
its contraction, it is at the portion near the brim of the pelvis that this 
is best seen and seems to be more vigorous at any rate than it is near 
the uterus. 

I have carefully looked to see whether any difference in the contrac- 
tion of the ligament following the separate excitation of the two lumbar 
roots respectively is detectable, but I have failed to discover any except 
in some cases in the vigour of the contraction; the contraction pro- 


1 Gowers, Dis. of the Nerv. Syst. Vol. 1. p. 91. 
2 Sherrington, Brit. Med. Journ. 1891. 
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duced by the 3rd lumbar root in Rhesus is often more vigorous than 
that produced by the 2nd root. Especial attention was paid to the 
locality of the contraction in the ligament; for each nerve the focus of 
contraction seems to be close outside the brim of the pelvis. 

When the ligaments of both sides are thrown into contraction by 
simultaneous excitation of both 3rd lumbar roots or both genito crural 
nerves, a movement of the uterus is brought about. The movement is 
a tilting forward of the fundus with perhaps some depression of the 
whole organ. The movement of the uterus produced is however a 
feeble one, at least in my experiments it was so. My Macacques have 
it is true not been sexually mature. 

A point of interest regarding the phenomenon may be noticed here. 
I first observed the contraction of the round ligament in the early 
spring (of 1890) in two monkeys. I had no more monkeys available at 
the time, but was anxious to observe the contraction further. I there- 
fore turned to its study in the cat; five of the next six cats however 
obtained at that season were pregnant and in not one of the pregnant 
animals did one observe that any structure in the position of the 
round ligament contracted at all on excitation of the spinal roots, 
or of the genito-crural nerve, but I have since then repeated the 
experiments on numerous occasions and never failed to obtain the 
contraction in non-pregnant individuals. A pregnant Macacque I have 
never yet obtained. 


Of the Vas deferens. 


In the male Macacque, and the same is true for the cat, the vas 
deferens can be caused to contract by excitation in the spinal canal of 
certain of the lumbar anterior roots. These roots are in Rhesus the 
2nd and 3rd lumbar, in the cat the 3rd and 4th lumbar. The fibres 
giving this result can be found outside the spinal canal in the genito- 
crural nerve, and in the genital branch of that nerve. The contraction 
of the vas is quite different in character from the contraction produced 
in the round ligament by excitation of the nerve roots supplying that 
structure. An interval of time easily perceived without aid of graphic 
measurement elapses between the contraction of the vas and the 
commencement of the root-excitation. And the contraction is of a slow 
and peristaltic kind, and does not cease immediately on withdrawal of 
the stimulus. 


’ Sherrington, Brit. Med. Journ. May 9, 1891. 
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Of the Nervi erigentes. 

In Rhesus an imperfect turgidity of the penis is produced by 
excitation of the anterior roots of the 8th and 9th sub-thoracic nerves. I 
believe the imperfect character of the erection obtained was due partly 
to the deep anesthesia and partly to my specimens being too young 
to be sexually matured; I have for these reasons attempted the observa- 
tion in two instances only. In the cat I find turgidity of the penis 
produced by excitation of the 8th and 9th sub-thoracic anterior roots, 
and in less degree through the 7th root. This agrees with the result 
recently obtained by Morat in the dog, where excitation of the Ist 
and 2nd sacral anterior roots produced erection of the penis. Morat“ 
in his paper dwells on the fact that the nervi erigentes pass through 
the ventral (anterior) division of the root; Gaskell* had shown this four 
years previously in the case of the rabbit, in which animal he says the 
nervi erigentes pass through the anterior roots of the 2nd and 3rd 
sacral nerves. The rabbit often possesses only six lumbar vertebre 
instead of the seven present in cat and dog. 


Of the Hair on the buttock, thigh and tail. 

The hairy coat of macacus in these regions is supplied by pilomotor 
fibres issuing from the cord in the anterior roots of the Ist, 2nd, and 3rd 
lumbar nerves and 12th dorsal. I have given details concerning the dis- 
tribution in a conjoint paper with Mr Langley published in this Journal’. 


Section IV. 
RELATION OF THE LIMB TO CELL-GROUPS IN THE SPINAL CORD. 


It is abundantly clear from the foregoing that the muscles of the 
limb which are supplied by the most posterior of the efferent nerve- 
fibres to the limb are the small muscles lying at the distal end of it. Is 
it possible from this fact to obtain a hint as to the position in the cord 
of the nerve cells which preside over that group of muscles? I have 
examined the cords of cat, macacque and man with regard to this point. 
A nuinber of physiological facts make it probable that the nerve-cells 
giving rise to the efferent fibres for the skeletal muscles of the limbs 
are situated in the anterior horn of the cord. The facts are too well 

1 Archives de Phys. normale et pathol. 1890, p. 24. 


Proc. of Phys. Soc. (this Journal), Jan. 1887, p. iv. 
3 Vol. XII. loc, cit. 
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known to need adducing here. The “motor” cells for the intrinsic 
muscles of the foot are therefore to be looked for in the anterior horn. 
The anterior horn certainly exhibits most remarkable development in 
size and apparent complexity in the region in which the great anterior 
roots are given off to the lower limb. It might appear that the anterior 
horn at the region of the enlargements of the cord is a compound of two 
parts. One part equivalent to and continuous with the small anterior 
cornu that runs with comparatively little modification throughout the 
entire length of the rest of cord, e.g. through the thoracic region. This 
component in the enlarged horn of the limb regions forms the most 
medial part, and abuts immediately on the lateral edge of the anterior 
column. This portion of the horn representing the main bulk of the 
whole anterior horn of other regions is in the limb enlargements 
overshadowed by a great lateral appendage to it. That the increase 
in the size of the horn in the lumbar and cervical enlargements is 
mainly by excrescence of the lateral edge of it seems indicated by the 
fact that in the enlargement of the cord the bundles of the anterior 
rootlets still continue to emerge from about the same somewhat 
restricted inner piece of the ventral side of the grey matter whence they 
emerge in other regions of the cord where the anterior horn is of small 
and simple type. If the point of emergence of the anterior rootlets 
from the grey matter can be taken as a guide, one may say with 
little hesitation that the increase in size of the horn in the limb regions 
is due to the addition of a large lateral mass. Within this lateral mass 
of the horn in the case of each of the enlargements of the cord, the 
nerve-cells appear distinctly as two large and well-defined groups. 
These are the antero-lateral and the postero-lateral cell-groups of the 
anterior horn. There is at certain levels also a middle group lying 
nearer the centre of the horn, but this is far from being so large or 
clearly defined a group as are the other two. I have examined a large 
number of preparations of the cord during the past two years with 
regard to these cell-groups and in respect to their grouping am inclined 
to believe with Gowers’ “that the process of distinction has sometimes 
been carried too far.” In the cat, dog, and in Macacus as in man 
antero-lateral and postero-lateral groups appear really to be of distinct 
existence. There are three main groups of cells obvious in the 
anterior horn of the enlargement, a medial continuous with the group 
that in fairly unbroken fashion extends throughout the entire length 
of the cord; an antero-lateral and postero-lateral that are not obvious 
elsewhere than in the enlargements. 


1 Dis. of the Nerv. System, Vol. 1. p. 167. 
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What is the longitudinal arrangement and relationship of these 
groups? When transverse sections of the cord arranged serially are 
examined successively in an ascending direction, the cord at the level of 
the 10th sub-thoracic nerve-root is found to present a small and simple 
anterior horn, containing but one collection of large cells that could be 
in bold terms described as a group. Passing upward to the level of the 
rootlets of the next segment (it must be remembered that here the 
rootlets form a close unbroken row) a second group with some abruptness 
makes its appearance in the horn: this is a lateral group. It rapidly 
acquires such proportions as to dwarf the original medial group, but it 
lies quite away from that group and is so large as to cause a prominence 
which even in the cat is well seen without help from the microscope. 
Scarcely has this group become well established when another group 
almost as suddenly appears in the horn, again a lateral group, but lying 
ventral to the preceding one. 

At a higher level still the original medial group itself becomes 
enlarged, but at that level the lateral group which was the earlier met 
in following the serial sections upwards is much reduced in size, and 
somewhat higher disappears. 

Thus as one passes from below the enlargement into it the first 
modification undergone by the anterior horn is that the postero-lateral 
group of cells appear. Somewhat higher the antero-lateral group is 
added, higher still the medial group of the horn attains its maximal 
development. 

Examined therefore in the ascending direction the cord displays at 
the same point at which the outflow of efferent fibres to the lower limb 
begins (and we know that outflow begins with fibres to the intrinsic 
muscles of the foot) a striking change in the constitution of the ventral 
horn, owing to the sudden addition to the horn of the great postero- 
lateral group of ganglion cells. This group therefore suggests itself as 
related to the intrinsic muscles of the foot. 

In order to test the point somewhat further I have examined the 
condition of the cell groups of the anterior horn in an adult cat from 
which the left hind foot had been removed when the animal was less 
than a month old. Frontal sections“ of this cord taken from the level of 
the 10th subthoracic nerve root shewed no abnormal amount of lateral 
asymmetry. Sections from the region of the 9th root revealed no indu- 
bitable asymmetry until near the junction with the region of the 8th. 
There as the postero-lateral group of the horn appears it is on the left 


: The sections were shown at a Meeting of the Physiological Society, Feb. 13th, 1892. 
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side obviously smaller than on the right; not only is the protrusion of 
the grey matter caused by the group less than on the right side, but it 
contains fewer ganglion cells, and this becomes still more obvious in 
ascending to the region of the 8th root. In thirty-five sections taken 
from the upper part of the region of the 9th root and from the whole 
region of the 8th the number of ganglion cells (only those containing 
nuclei being counted) in the three main cell groups of the anterior cornu 
of the right and left sides was counted and gave the following result. 


Section Right Left Right Left Right Left 
1. 6 3 5 4 4 5 
2. 7 4 5 6 2 2 
3. 5 6 4 3 0 0 
4. 5 3 7 4 1 0 
5. 8 5 9 10 5 3 
6. 1 1 2 4 3 1 
7. 12 5 8 7 6 9 

an 8 4 5 2 5 4 
9. 7 7 3 7 5 4 
10. 7 6 4 3 5 7 
11. 6 5 4 5 3 2 
12. 9* 5 5 2 4 7 
13. 8 6 2 7 4 3 
14, 10 8 6 3 6 6 
15. 7 4 3 4 4 3 
16. 7 3 4 1 5 6 
17. 4 3 3 5 3 2 
18, 6 4 1 6 8 5 
19. 18 11 9 7 11 13 
20. 10 1 3 4 6 7 
21. 16 5 8 3 8 9 
22. 9 5 5 4 5 4 
23. 7 4 4 7 4 3 
24. 13 7 7 2 6 5 
25. 8 3 3 5 4 4 
26. 5 5 2 1 5 7 
27. 8 4 5 1 6 3 
28. 6 5 3 5 2 1 
29. 11 10 4 4 8 7 
30. 12 9 6 2 3 9 
31. 7 8 3 6 4 2 
32. 11 7 4 3 5 6 
33. 9 4 6 3 3 2 
34, 9 6 2 6 4 3 
35. 8 6 
293 88 161 151 162 180 
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In the region of the 7th root the asymmetry of the anterior horn is 
not sufficiently marked to be unmistakable, in the region of the 6th the 
right and left cornua appear of quite normal symmetry. It would seem 
therefore that the absence of the foot from an early period of life 
entailed a certain degree of arrest of development of the posterior (lower) 
end of the postero-lateral cell-group of the anterior horn in the 8th and 
9th subthoracic segments of the cord. 

Cruveilhier and Ttirck failed to find changes in the spinal cord 
or roots follow amputation of a limb. Friedreich' also found no 
change in the cord twelve years after amputation of the forearm. 
Yet it is now well known that atrophy of the cell groups of the 
anterior cornu may ensue in result of amputation of a limb, just as 
arrest of development of part of the oculomotor nucleus ensues after 
excision of the orbicularis palpebrarum (Mendel). 

Bérard in 1829 showed before the Anatomical Society of Paris the 
spinal cord of a soldier who had had his arm amputated at the battle of 
Waterloo; the anterior roots of the nerves to the arm were atrophic, 
but not the posterior, and no change was discovered in the cord. 

Vulpian“ in May 1868 enquired whether after amputation any 
changes in the cord could be detected similar to some then recently 
described by Lockhart Clarke in progressive muscular atrophy. He 
found changes but not similar to the changes in progregsive muscular 
atrophy. Regarding the grey matter, in two cases of amputation close 
above the left ankle he found that in the lumbar enlargement la corne 
antérieure de la substance grise du coté gauche est beaucoup moins 
large que celle du coté droit.” In his figures the contour of the grey 
matter is most altered at the levels of the 2nd and Ist sacral roots, and 
it is reduced most where it belongs to the postero-lateral group. This 
however is not alluded to in his description. At the same time in this 
country Lockhart Clarke“ drew attention to asymmetry of the cord 
existing in two cases of old standing amputation. In one there had been 
amputation at the left thigh fifty-three years before death. He described 
in the grey matter of the lower lumbar region atrophy of the left anterior 
horn “in its lateral region.“ Clarke’s figure shews the antero-lateral 
cell group little altered, the postero-lateral cell group much reduced. 
The second case related to amputation at the shoulder. In 1869 


Progress. Mus kelatropk. p. 140. 
* Arch, de Physiol. nor. et path. p. 448. : 
% Medico-Chir. Trans, Vol. L. p. 249. Johnson and Clarke. 
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Dickinson’ published observations of a similar kind on 3 cases. He 
reported a slight loss of bulk in the grey matter on the side correspond- 
ing to the lost member; he said no microscopic change in the grey 
matter was discernible. 

Vulpian“ contributed the first experimental observations. He 
found that in young rabbits asymmetry of the cord followed section of 
one sciatic nerve even so soon as two months after the operation. The 
change he found more perceptible in the posterior horn and columns 
than in the anterior horns and columns. No details of the effect on the 
grey matter are given by him. Troisier“ found in a case of arrested 
development of the hand and forearm fewer cells in the anterior horn 
of the lower cervical enlargement on the corresponding side, but the 
cells were normal. Dickson‘ found in a case where amputation of 
the right leg had been performed fifteen years before, that the cells in 
the anterior horn of the lumbar region were fewer on the right than 
left side. His figures shew that the postero-lateral group was chiefly 
affected. G. Hayem' described the alterations induced in the cord in 
two young rabbits by tearing out the sciatic nerve. The reduction in 
the number of cells of the grey matter on the side of the operation was 
marked. He says “dans toute I’étendue de la substance grise les 
cellules nerveuses sont atrophiées; cependant on en retrouve presque 
partout et surtout dans la corne postérieure et |’extrémité antérieure de 
la corne antérieure. Le point ot l’atrophie de ces éléments a atteint 
son maximum correspond au groupe externe et postérieur de la corne 
antérieure (tractus intermedio-lateralis).” -From his figure it is clear 
that the tractus intermedio-lateralis is not really meant, but the 
postero-lateral group. In 1874 Prevost and David“ examined the cord 
in a case of old-standing degeneration of the muscles of the ball of the 
thumb. The only muscular part intact was a portion of the adductor 
pollicis, In the 8th cervical segment the postero-lateral group of the 
anterior horn was reduced almost to nil, the anterior and mesial groups 
of the horn seemed normal. Two years later Héyém’ rted a case in 
which he found general atrophy of the anterior horn in the 8th cervical 
and Ist thoracic segments five years after amputation of the forearm. 


1 J. of Anat. and Physiol. p. 88. 

2 Arch. de Physiol. nor. et path. 1869, p. 675. 
Arch. de Physiol. rv. 1871. 

* Path. Trans. London, 18738, p. 2. 

5 Arch. de Physiol, 1878, p. 504. 

* Arch. de Physiol. 2nd series, Vol. 1. 

7 Bull. de la Soc. Anat. 1876, p. 230. 
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Kahler and Pick“ noted change in the grey anterior horn in the 
cervical enlargement six years after amputation of the forearm. They 
described the postero- lateral group as not particularly affected. No 
change was found in the 7th and 8th cervical segments. The condition 
of the first thoracic segment is not mentioned by them. Genzmer“ 
reported atrophy of the large ganglion cells in the anterior horn in 
a case of amputation above the knee of thirty years’ standing. In 
his figure the postero-lateral group appears to have suffered more 
severely than the antero-lateral; he does not however advert to that 
point. Passing over observations by Erlenmeyer“ and by Leyden‘ 
corroborating the evidence already quoted the next information comes 
from Deyérme and Mayor’. They found in result of amputations 
of part of the limb a general and equable atrophy of the grey 
and white matter in the corresponding side of the cord, without 
diminution in the number of the ganglion cells. In one instance only, 
namely in a case of amputation of the thigh did they discover in the 
hind region of the lumbar enlargement for a distance of about one 
centimetre the number of ganglion cells in the anterior horn reduced 
by about a third; the reduction affected chiefly the medial group. 
Dreschfeld has recorded“ atrophy of the anterior horn in the lumbar 
enlargement in a case of amputation above the knee; the diminution 
in the ganglion cells affected all the groups of the horn, especially the 
intermedio-lateral by which from the figure is evidently meant the 
postero-lateral of the anterior horn. W. Dudley has given a like case. 

L. Edinger’ examined the cord in a case of intrauterine amputa- 
tion of the left hand, accompanied by some atrophy of the forearm. 
He found marked atrophy in the left anterior horn from the lower end 
of the 3rd cervical segment to the 2nd thoracic segment. The atrophy 
was greatest in the antero-lateral and postero-lateral groups of the 6th 
and 7th cervical segments. Erlitzky“ noted after amputations in 
young dogs diminution in the number and in the size of many cells 
of the anterior horn of the corresponding side. H. Sahli“ examined a 


1 Arch. f. Psych. x. p. 360. 

2 Virchow’s Archiv, 1876, p. 265. 

3 Ueber das cicatric. Neurom. Greifswald 1872, p. 38. 
* Klinik der Riickenmarks-Krankheiten u. p. 815. 


5 Comptes rendus, 1878, xxx. 

Journ. of Anat. and Physiol. 1879, Xv. 424, and Dudley, Brain, rx. 87. 
7 Virchow’s Arch, uxxxrx. p. 46, 1882. 

Peters. med. Nock. 1880, p. 38, and Homén, Ziegler’s Beitr. 1890, 304. 
Deutsch. Arch. f. klin. Med. p. 33, 1883. 
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case in which the muscles of the right hand and the pronator radii teres 
of that side were atrophic or undeveloped. The right ulna was shorter 
than the left. He found a long scar in the cord from the 4th to the 
7th segment inclusive; the most marked atrophy was in the postero- 
lateral cell group of the horn, in the 6th and 7th segments. 

In five instances of old-standing amputation of the lower limb 
C. Friedlander and F. Krause’ detected in the corresponding half of 
the spinal cord diminution in size of the posterior white column and of 
Clarke’s grey column and of the anterior grey horn, especially of the 
postero-lateral cell group. From this observation they drew the con- 
clusion that Clarke’s column and the postero-lateral cell group of the 
anterior horn are both sensory in function and are both related to the 
sensory roots coming from the lower limb. 

The above pathological evidence on the whole bears out the view 
advocated here, viz. that of the cell-groups of the ventral horn in the 
sacral region the medial and the postero-lateral are connected respect- 
ively with axial, ie. spinal (root of tail, &c.) muscles and with the 
muscles of the sole. It also suggests the occurrence of a similar relation 
among the cell-groups of the ventral horn in the cervical enlargement. 
The scope of the enquiry has therefore been extended to the cell- 
groups and nerve-roots of the cervical region as well. 

The anterior horn in the cervical enlargement, just as in the lumbar, 
exhibits three main-cell groups, a medial, an antero-lateral, and a 
postero-lateral. A central group also exists and is more definite than 
is that of the lumbar region. Of these groups the medial, just as does 
that of the lumbar enlargement, appears continuous with the main part 
if not with the whole of the small anterior horn of the upper thoracic 
and upper cervical regions. As in the lumbar enlargement so in the 
cervical the great increase in size of the anterior horn in comparison 
with the size of the horn in the adjacent regions seems due to a lateral 
addition to it, a lateral excrescence from it, of a part not present, or 
scarcely present in the adjacent regions above or below. This lateral 
part is therefore obviously related to the limb. 

In the cervical enlargement even more obviously than in the 
lumbar, as the conformation of the horn is studied in a series of sections 
followed in an ascending direction, the earliest cell-group to appear, that 
is to say the group which extends farthest in the posterior or down- 
ward direction, is the great postero-lateral; that cell-group suddenly 
springs into prominence. Where? Of two Rhesus cords examined 

1 Fortschritte der Medizin, Vol. iv. p. 749. 1885 Deo. 
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with special reference to this point, in one it first appears just midway 
between the 2nd and Ist thoracic nerve-roots; in the other in the 
sections from the Ist millimeter of the distance between the 2nd and 
Ist thoracic roots counting from below upward. 

It has been shewn above that in Rhesus and in Bonnet the lowest 
fibres to the limb muscles leave by the 2nd thoracic root. In the 
case of the second of the two Rhesus cords examined, I knew by 
experiment that the 2nd thoracic supplied the intrinsics for the hand 
unusually liberally and it was for that reason that the cord was 
preserved for microscopical examination. In the upper limb therefore 
as well as in the lower an agreement holds between the position of the 
outflow of efferent fibres to the intrinsic muscles of the distal segment 
of the limb and the position of the postero-lateral cell group of the 
anterior horn. 

In the transition from the upper thoracic region to the cervical 
enlargement the change of conformation undergone by the grey matter 
of the cord is not quite comparable with that exhibited in the transitions 
at the lower end of the lumbar enlargement. There is no indisputable 
lateral horn among the components of the cord in the latter region. In 
the former region of the cord the lateral horn is a salient feature. 

At the level of the 3rd thoracic nerve-root the lateral horn is the 
well-known sharp tapering spike thrust sidewise from the grey matter in 
front of the lateral reticular formation with a slight inclination forwards 
into the white lateral column. The spike contains the numerous small 
oval and angular ganglion cells, originally described by Lockhart 
Clarke’. The major axes of the cells are directed for the most part so 
as to radiate into the lateral column. Where the lateral horn is well 
developed members of the group frequently lie outside the confines of 
the grey matter on radiating strands which penetrate the lateral column’. 
Not unfrequently in sections from the levels of the 8th and 9th 
sub-thoracic roots the ventral part of the lateral reticular formation 
displays a group of small spindle-shaped ganglion cells resembling many 
in the lateral horn of the thoracic region, and in the reticular formation 
in all regions. Whether these cells represent a lateral horn or no is 
difficult to prove. Gaskell'“ has shewn that numbers of fine efferent 
fibres exist in the anterior roots of the Ist and 2nd sacral just as in the 


1 L. Clarke. Phil. Trans. R. S. 1851. Part u. p. 618. Also ibid. 1858, p. 489. 
2 Sherrington. Phil. Trans. R. S. 1890. 
8 This Journal, Vol. vn. 
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roots of the lateral horn region of the cord. Waldeyer“ mentions the 
group with special reference to the origin of the small efferent fibres 
discussed by Gaskell, but he abstains from any definite conclusion with 
regard to the group. 

Although the size of these small ganglion cells varies somewhat, 
all of them may be said to be “small,” they perhaps would vary in 
size less were it possible to eliminate the source of fallacy of measuring 
individual cells in which one extremity may have been partially 
truncated by the plane of either a longitudinal or a frontal section. 
I give the length and width of twelve individuals measured from the 
cord of Rhesus without selection in three preparations at the 3rd 
thoracic level (bichromate hardening and dehydration). 


length width length width 
1. 34-5, 18 7. 127 
2. 23˙5 15 „ x Se: 16 
a 9. 26 „ 13 
4 „ 10. 37 22 
6. 12. 28 16 


If to these are added some measurements from examples in the 
adult human cord at the level of the 6th thoracic an average length of 
33 is given for twenty-two measurements. The average width in 
twelve measurements is 15°44. These dimensions are smaller than the 
average given by Waldeyer’s five measurements, namely, 42 ½ x 21 K. 
By searching the lateral horn in a series of preparations one easily finds 
individual cells of smaller measurement than any of the above, and 
some that are larger. The largest are about twice the size of the 
smallest. In shape the cells whether large or small all closely agree, 
varying from wide to narrow ovoids. Mott“ has recently adverted to 
the cells as occurring in two sizes, a smaller kind averaging 20 h, a 
larger 30 l. There certainly are both larger and smaller cells in the 
horn (the largest being as already said quite twice the length of the 
smallest) but there are also I incline to think many of sizes intermediate 
as well, I am doubtful therefore whether this forms sufficient basis for 
a subdivision of the group. 

The spongiosa of the lateral horn, in which the cells lie imbedded, 
exhibits a peculiarity not mentioned, I think, in any published descrip- 


1 Gorillariickenmark 1889. 
1 Bipolar cells of the Spinal Cord, Brain, 1891. 
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tions of the horn. The grey matter of the cord reveals to the gold 
method and to the Weigert or Weigert Pal hematoxylin methods, a 
now familiar wilderness of fine fibres complexly interlaced throughout 
the spongiosa. But the richness of the feltwork of fibres is not equally 
great in all districts of the grey matter. In a cross section of the 
thoracic cord the fine fibres are more numerous in the anterior horn and 
in Clarke’s vesicular cylinder than in the grey matter elsewhere; the 
feltwork is, as is well known, closest in the vicinity of the great 
ganglion-cell groups ; usually round these groups twists so to say a torcula 
of fibres. The group lies nested at the focus of a rude ellipse of 
fibrils. Often the number of fine fibres actually amid the cells is 
not so great, but the number of fibres edging the group is always 
large. The ventral horn, especially in the enlargements, affords 
excellent illustrations of this point, and no more striking example of it 
can be found than in the cell group of the hypoglossal nucleus of the 
grey matter of the bulb. One has only to hold up against the light a 
Pal-Weigert frontal section of the bulb in the region of the XIIth 
nucleus to see with the unaided eye the dark tinging of the grey 
matter marking out that nucleus from the rest of the grey matter 
round about: by the microscope that tinging is resolved into a net- 
work of fine fibres richer at the nucleus than elsewhere. With the 
spongiosa of the lateral horn and its included group of numerous 
ganglion cells the case is different; within it the network of nerve- 
fibres is extremely sparse; I incline to think it possesses a far sparser 
content of fibres than any other portion of the grey matter, exclud- 
ing the regions of the gelatinosa centralis and posterior. Indeed 
with regard to it the reverse of what was stated above holds true; 
instead of being swathed by a fibre network denser than elsewhere, 
the lateral horn group is rendered conspicuous by the dearth of 
nerve-fibres in it and about it; in Weigert preparations it often stands 
out from the rest of the grey matter even to the naked eye as a point 
of a clear yellow tint undarkened by the hematoxylin stain. Examined 
with the microscope there is not that whirl of fibrille sweeping round 
the cells so characteristic for the cell groups of other districts. 

It may be noted in passing that this feature constitutes a remark- 
able point of similarity between the spongiosa of the lateral horn of the 
thoracic region of the cord and the spongiosa of the Xth nucleus (vagus 
nucleus) in the bulb. I note the resemblance here because it bears 
on the suggestion of Gaskell’ with regard to the functions of the 

1 This Journal, Vol. vn. and Mott, Brain, xim. 433. 
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lateral horn and because it contributes to the resemblance between 
the lateral horn of the cord and the vagus nucleus of the bulb on other 
characters of which I have already laid some stress elsewhere’. 

The lateral horn of the 3rd thoracic segment characterised by its 
spindle-shaped nerve-cells averaging 33 ½ in length and by the relative 
paucity of its nerve-fibres is found in the two Rhesus cords but little 
altered as far up as the middle point of the superficial origin of the 
2nd thoracic root. In the sections taken from the 2nd millimeter 
above that point it becomes altered, the alteration consists in the 
appearance of some large cells in the lateral horn at its base. (Figs. 
10 and 11, Pl. XXI.) These large cells measure far more in length 
(90 ) and breadth (40 ) than do any cells in the horn of the 3rd and 
4th thoracic segments of the cord. There is still a numerous collection 
of the small ovate cells in the horn just as at lower levels, so that the 
comparison is easily made between the cell group already present in 
the horn and the large new corners juxtaposed to them. 

The change thus inaugurated is rapidly accentuated as the horn is 
followed upward. At a level half-way up the region of the superficial 
origin of the Ist thoracic root the large ganglion cells have increased to 
a great group; they are collected first in the ventral portion of the base 
of the lateral horn, and then éxtend in a lateral direction into the 
lateral column, causing excrescence of the most dorsal portion of the 
lateral edge of the anterior horn. The excrescence extends far enough 
in the dorsal direction to merge with the old lateral horn, so that at 
the Ist thoracic root there is one part, the dorsal edge, of the new 
excrescence which is representative of the whole lateral horn of the 
2nd thoracic and lower levels. | 

This view is borne out by there being in sections from as high as half- 
way up the superficial origin of the Ist thoracic rootlet, small spindle- 
shaped nerve-cells similar to those typical of the lateral horn occupying 
a place in the dorsal edge of the excrescence caused by the new large 
cell group. Above the Ist thoracic nerve the small cells seem to quite 
disappear, and the last remnant of the lateral horn goes with them, for 
the spongiosa of the new excrescence is not like that of the lateral 
horn or that of the vagus nucleus but like that of the anterior horn of 
the cord. The group of great nerve-cells which thus abruptly springs 
into existence at the level of the 2nd thoracic in Macacus root is when 


traced upward found to be the postero-lateral group of the cervical 
enlargement. 


1 Phil. Trans. R. S. 1890, B. p. 33. 
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The above description will be found somewhat different from that 
given by Schwalbe’ and from that given by Waldeyer“. 

Schwalbe divides the cells of the anterior horn of the cervical 
enlargement into two groups, a mesial and a lateral. He writes that 
the lateral group of the anterior cornu extends so far back into the 
base of the horn that a delimitation of it from the group of the lateral 
horn is not possible, and the question must remain open as to whether 
the lateral horn cells are absent in the enlargement or whether they 
become fused into one group with or converted into the cells of the 
lateral group of the anterior horn; the latter possibility he considers 
the more probable. 

Waldeyer in his description of the grouping of the cells in the 
cord of gorilla says that the lateral horn cells are found throughout 
the cord in all its segments, including those of the cervical and lumbar 
enlargements. He divides the ganglion cells of the cord into as many as 
fourteen definite groups, attaching to each a name, but treats the cells 
of the lateral reticular formation and those of the lateral horn as one 
group (Mittelzellen). When he says that the cells of the lateral horn 
are present in, for instance, the 8th and 7th cervical segments his 
meaning is that there are cells in the reticular formation at that level 
which he considers are cells of the lateral horn, although that horn can 
no longer with certainty be recognised. But in regions where the 
lateral horn exists there are cells in the lateral reticular formation as 
well as in the lateral horn, and the assumption that the cells of the 
lateral reticular formation although somewhat similar to the cells of the 
lateral horn are identical with them, or are their equivalents, is a some- 
what insecure foundation on which to rest the statement that the cells 
of the lateral horn are present in a region where there is no other 
evidence of them beyond cells in the lateral reticular formation. It is 
not foreign to the argument here to note that Waldeyer considers that 
not only the cell group of the lateral horn is really present throughout 
the whole of the length of the spinal cord but that the cells of Clarke’s 
column are in like manner present really throughout the cord in its 
entire length. However interesting may be the speculation that into 
each link of the whole chain of segments forming the cord the same 
elementary factors of morphological composition enter though here and 
there one factor or another be difficult to trace, the speculation loses 
much interest if not placed on a basis of demonstrable fact. In the 


1 Neurologie. 
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adult cord of the cat, dog, macaque and man there is no clear evidence 
that cells of Clarke’s column do extend throughout the whole length 
of the cord in every segment of it. Myself I hold’ that in one category 
with Clarke’s column should be included all those cells which lie on 
the bundles of the posterior roots in their intraspinal course whether 
in the posterior horn or in the posterior column. Yet even then one’s 
own preparations have failed to shew indubitable members of the group 
in, for instance, the 6th and 7th sub-thoracic segments of the adult 
cord, nor have I ever met with them in numerous preparations of the 
7th cervical segment. 


Gaskell’ describes the cells of Clarke’s column extending as a distinct 
group along the cord of the Dog from the 9th segment to the 25th; Mott 
examining the column in Dog, Macacus and Man, describes it as extending 
in all three from the 9th to the 22nd segments only. My own observations 
agree completely with the above as to the upper limit of extent of the cell 
group, but not as to the lower. There I find a distinct difference between 
Dog and Macacus and Macacus and Man. The following countings give the 
average number of cells observed in not very thin microscope sections of the 
cord at the levels mentioned, each average being taken from not less than 
five sections counted at each level. 


Number of cells in Clarke’s column. 


No. of spinal segment. Dog. Macacus. Man. 
9th to 18th 1—5 cells 1—7 cells 1—8 cells 

19th 3°6 4°3 77 
21st 6˙4 10°3 
22nd 6•1 8˙2 
23rd 5°7 3°4 0-9 
24th 5-4 0°6 0 
25th 3°8 0 0 
26th * 0 0 
27th 0 0 0 


For the Dog the lower limit of the cells as a group is practically the same 
as that described by Gaskell. In the cord of the newly-born puppy and 
of advanced foetus of Rhesus the group does not appear to end so abruptly 
below as in the adult and is continued in a straggling manner into segments 
even below the 26th. 


1 Phil. Trans. 1890, loc. cit. 
This Journal, Vol. vu. loc. cit. 
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In the same way I have been unable to convince myself in spite of 
the examination of numerous preparations, that the lateral horn group 
is really present in the cervical enlargement of the cord at all higher 
than the middle of the superficial origin of the 8th cervical nerve; 
once, in the cat, I have met with doubtful instances of them as high as 
that. In Rhesus I have not found them above the surface origin of the 
Ist thoracic root. 

My conclusions from my own specimens are 

(1) That followed in an ascending direction the lateral horn and 
its cell-group fails somewhat abruptly close above the region of origin of 
the Ist thoracic nerve-root. 

(2) That of the cell groups characteristic of the anterior horn in 
the enlargement the one which extends farthest along the cord in a 
descending direction is the postero-lateral, and that it reaches to and 
into the 2nd thoracic segment and there, somewhat abruptly, fails. 

If these conclusions be correct there is in the 2nd thoracic segment, 
of the cord, an overlapping of two different nervous cell systems, a 
system of the anterior cornu, a system of the lateral cornu’. Is there 
evidence of a physiological as well as an anatomical overlap of systems 
in these segments of the cord? Most distinctly there is. 

Excitation of the anterior root of the 8th cervical nerve causes 
movements in the limb, contraction of a large number of the limb 
muscles, but has no effect on the pupil, eyelids, pinna, or bair, in short 
it gives limb effects but not sympathetic effects. Again, excitation of 
the anterior root of the 3rd thoracic nerve never, so far as I have 
seen, causes contraction of any muscle in the limb, but produces 
dilation of the pupil, separation of the palpebra, erection of the hair 
of the scalp, retraction and paling of the pinna, and vaso-constriction 
in the lobe and half of the isthmus of the thyroid body. 


In a summary of the functions of the cervical sympathetic of the Macacque 
given in a previous paper I omitted to include vaso-constriction in the thyroid 
gland, a phenomenon well marked and constantly obtained. In the rabbit, cat 
and dog similar vaso-constriction in the thyroid occurs on excitation of the 
anterior root of the 3rd thoracic. 


The motor functions of the 2nd thoracic root examined thirteen 
times in Macacus, in ten instances gave flexion of the fingers and 
pollex, with adduction and opposition of the latter, and also flexion at 
the wrist and pronation of the hand. The movement obtained was 


1 Sherrington. Proceedings of the Physiological Society, Feb. 13, 1892. 
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very slightly altered by section of the ulnar nerve at the wrist, but 
was much impaired though not abolished by section of the ulnar behind 
the inner condyle. In three instances the root gave only the movement 
described for it by Ferrier and Yeo, namely interosseous flexion of 
the digits, and this was almost completely abolished by section of the 
ulnar nerve at the wrist; in one of these instances the movement 
yielded by the excitation was almost confined to the little, ring and 
middle fingers. 

That these results of excitation of the 2nd thoracic are not attribu- 
table to escape of the stimulating current to the adjacent root is shewn 
by the facts (i) that it is possible to obtain similar results reflexly in 
reply to mechanical excitation after the 6th 7th 8th and Ist thoracic 
roots have been divided; (ii) that flexion of the digits and flexion and 
pronation of the wrist are elicitable from the cortex after section of the 
same roots ; (iii) that flexion of the digits and pronation of the wrist can 
be performed voluntarily after section of the same roots. 

Also in the rabbit and rat the 2nd thoracic invariably causes 
contraction in the muscles of the fore-foot ; in the cat and dog very 
rarely if ever so. 

Together with these motor effects in the musculature of the limb 
excitation of the 2nd thoracic root produces marked ‘sympathetic’ effects, 
very similar in Macacus to those already mentioned for the 3rd root. 
The palpebral and pupillo-dilator changes are striking—more so than in 
the case of the third root, the pilomotor effect may be good. The vaso- 
constriction in the lobe of the thyroid body is less evident than in the 
case of the third and fourth roots. 

Again, if the anterior root of the Ist thoracic nerve be excited in 
Rhesus the effects which follow without exception so far as I have 
observed are flexion of the wrist toward ulnar side, pronation at the 
wrist, flexion of the digits, a bringing together of the fingers and hallux 
and extension at the elbow-joint ; and together with these limb move- 
ments dilatation of the pupil. 

But to compare accurately with one another the mutual longitudinal 
overlaps of the morphologically differing cell-groups and of the function- 
ally differing nerve-fibres, it is especially desirable to ensure a correct 
localisation of the extreme upper end of that class of sympathetic 
efferents which extends furthest into the limb region. This class of 
fibres consists of the eye-fibres of the sympathetic. Langley has 
shewn this for cat and rabbit, and they often in monkey extend a 
segment higher than do the pilo-motors for the scalp. 
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Since Langley has so recently described the root origins of the 
cervical sympathetic in the cat, dog, and rabbit, I shall confine the 
account of my experiments to the root origin of the eye-fibres of the 
sympathetic in Macacus rhesus. The only previous experiments in the 
monkey on nerve-roots causing dilatation of the pupil appear to be 
those recorded by Ferrier in 1883*%. In them the 8th cervical and 
the highest four thoracic roots were excited with tetanizing currents 
in five animals. Dilatation was obtained only from the second thoracic 
root and in that root only in two out of the five experiments. 

In my own experiments excitation shewed the presence of eye- 
fibres in the Ist, 2nd and 3rd thoracic roots, chiefly in the 2nd, a result 
in accord, so far, with Ferrier, and in complete agreement with the 
excitation results recorded by Langley in the rabbit. The action 
of these roots was not confined to dilatation of the pupil, but gave 
opening of the palpebral fissure, etc. as described by me elsewhere“. The 
shortness of the piece of nerve-root available for excitation in this 
region of the cord caused me some anxiety in the experiments since 
the apparently long range of outflow for so small a muscular district 
might perhaps be an erroneous estimation explicable by escape of 
the stimulating current. The objection had the more weight with 
me because as pointed out by Ferrier the strength of the stimulating 
current used on the nerve roots has to be considerable in order to obtain 
eye effects. I therefore as precaution took other observations in which 
the use of stimulating currents was avoided. Rhesus was ansesthetised, 
and then after a heavy injection of chloral, one or other of the first 
four thoracic nerve-roots was exposed and divided in the spinal canal. 
The pupils of the two eyes were compared as to size by the 
pupillometer. This mode of testing for the presence of pupillo-dilators 
proved itself far more delicate than I had anticipated (Fig. 13, Pl. 
XXI.). Eight observations made in this way yielded perfectly con- 
cordant results, I give two examples from the protocols. 


2. xi. 91. Rhesus macacus. 2 
Chloral hydrate, than A. c. k. mixture. 
10.18 Pupils equal size. 
10.20 Ist thoracic root of right side cut. 
10.30 r pupil < | r=4 1=5 
11.2 r pupil l r=4 I=5 


1 Proc. Roy. Soc. 1892. Vol. L. p. 447 (Abstract). 
2 Proc. Roy. Soc. p. 229. 
This Journal, Vol. x11. 
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11.5 2nd thoracic root of right side cut. 
11.15 rpupl<1 r=25 1=5 
11.30 pupil r=2 125 
11.35 2nd thoracic root of left side excited with secondary at 48 cm. 
distance from primary (1 Daniel in primary). Gives flexion of 
fingers, thumb and wrist, and pronation of wrist, weakened but 
still preseut after section of ulnar nerve at elbow. 
22. iv. 91. Rhesus macacus f? 
Chloral hydrate, then A. C. k. mixture. 
6.12 Pupils equal size. 
6.15 Ach thoracic root cut on right side. 
6.25 Pupils equal size. 
6.30 Pupils equal size. 
6.33 3rd thoracic root cut on right side. 
6.40 pupil r=4 1=45 
6.50 pupil r=35 1=45 
6.59 2nd thoracic root cut on right side. 
7.10 r pupil r=2 125 
7.30 r=2 1=5 


It is clear therefore that in Rhesus abundantly in the anterior root 
of the 2nd thoracic nerve and markedly in that of the Ist thoracic 
there is a demonstrable admixture of two sets of fibres whose 
purposes though both efferent belong to physiological classes quite 
distinct. This admixture is not found in the adjacent roots above and 
below those two thoracic nerves. It is due to the outflow of efferent 
fibres to the limb muscles extending far enough posteriorly (downward) 
to overlap the anterior or upper end of the outflow of the efferent fibres 
of the sympathetic system. It seems reasonable to connect this overlap 
of the efferent nerve fibres of two different systems in the Ist and 2nd 
thoracic nerve roots with the above described overlap of two different 
sets of cells in the grey matter in the same two segments of the 
cord, especially since the cells of the anterior horn are known to give 
rise to efferent nerve fibres to the limb muscles and since Gaskell has 
already suggested the probability that the small efferent fibres of the 
sympathetic are connected with the cells lying within the lateral horn, 
It is with a view to contributing toward his suggestive arguments 
that I state at the risk of being wearisome the details and coincidence 
of the above double anatomical and physiological overlap existing in 
these upper thoracic segments. 


1 From this experiment the sketch (Fig. 13, Pl. XXI.) was taken by Mr Lapidge. 


* 
* 
— 
~ 
4 
* 
& 
* 


704 C. S. SHERRINGTON. 


It remains to be admitted that the scheme of distribution to 
musculature of the cell-groups of the anterior horn for which I contend 
is not in agreement with one advanced by Ross, who has entered 
fully into the question of spinal localisations in his well-known Diseases 
of the Nervous System’. Ross concluded from observations on the 
time of appearance of the cell-groups that in both the cervical and 
lumbar enlargements the antero-median group belongs to the small 
muscles of the digits, the postero-lateral group to such muscles as 
the sternomastoid and trapezius. More recently an excellent monograph 
has appeared on ‘Die Funktionen der Ganglienzellen des Halmarks’ 
by O. Kaiser.’ In it from comparison of microscopical preparations 
of the cervical region of the cord with the results, chiefly those of 
Forgue and Lannegrace, of excitation experiments on the brachial 
roots the author draws among others the following conclusions: “ Das 
Halsmark enthalt die folgenden Gruppen: i. der Riickenmuskelkern 
erstreckt sich als mediale Säule durch die ganze Länge.“ “ii. der 
oberextremitätenkern liegt lateralwirts; die distal Hälfte zerfüllt in 
eine vordere und eine hintere Abteilung—erstere innerviert Adductoren 
des Oberarmes, und den Triceps, leztere Benger und Strecker der 
Finger, ulnar Muskeln und die kleinen Muskeln der Hand.” These 
conclusions as regards the postero-lateral group agree completely it 
will be seen with the evidence afforded above and perhaps best of 
all by Prevost and David’s case. With regard to the medial group 
and the postero-lateral group the conclusions are the same for the 
cervical region as that to which my own observations have led me 
in the lumbo-sacral region, as well as in the lower cervical. To 
the overlap of the cell systems, or therefore to its physiological 
significance Kaiser does not it is true advert; he remarks only, 
“was endlich die Zellen des Mittel und Hinterhornes betrifft so sind 
diese wohl zum grossen Teil als reflex übertragende und regulatorische 
Centren anzusehen.” 

The conformity of the mutual longitudinal overlap of the 
cell-groups of the lateral horn and postero-lateral region of 
the ventral horn, with the mutual longitudinal overlap of the 
outflows of sympathetic efferents and motor nerves to the 
digits enhances the probability of the ‘sympathetic’ nature 
of the lateral horn cells and of the view above advocated 
as to the connection of the postero-lateral cell-group of the 
anterior horn with the muscles of the palm and of the sole. 


1 Vol. ii. * Hannover. Dec. 1891. 


2 
„ 
* 
. 


THE LUMBO-SACRAL PLEXUS. 705 


It is here worthy of remark that one finds the lateral horn a distinct 
feature of the cord so low as the region of surface origin of the 4th 
lumbar nerve, but in the region of the 5th its presence cannot be 
affirmed with certainty, it is at any rate not distinct. I fail in either 
of two Rhesus cords examined to detect its presence with certainty 
below the 6th millimeter from the top of the region of surface 
origin of the 4th lumbar root. It has been shewn above that the 
4th lumbar root (but not the 5th) contains efferent fibres to the 
bladder which reach that viscus by way of the sympathetic. Here 
also the correspondence of locality is therefore striking. 

A further point may be mentioned. The posterior or inferior end of 
the long postero-lateral cell-group of the lumbar enlargement is relatively 
longer and more prominent in the cord of Rhesus than in the cord of cat 
or man. This, on the view that it belongs to the intrinsics of the foot, 
becomes explicable by the greater freedom of movement of the digits 
in the foot of Rhesus than in the foot of man or cat. Again in the 9th 


and 10th subthoracic segments the medial-group is poorly developed in 


man as compared with Rhesus and the Bonnet; from these segments 
proceed in the latter animals the efferent nerves to the muscles of the 
root of the tail, and we saw reason to suppose that the motor nerve 
fibres for spinal muscles arise from the medial cell-group of the anterior 
horn. The medial group pertains to axial muscles. 

Although both in Rhesus and Cat the appearance of the postero- 
lateral group is the most evident change in construction in the anterior 
horn at the levels of origin of the 9th and 8th subthoracic roots, an 
alteration in the medial sub-group does also occur there. The medial 
cell-group there becomes absolutely larger though not relatively so in 
comparison with the whole horn. It is indeed a well-marked group in 
the region next below the levels now under discussion, but it seems to 
become rather more marked at these levels. Were it to this group 
rather than to the postero-lateral that the intrinsic muscles of the foot 
belonged, we should not expect to find the medial group well developed 
in segments to which belong no limb muscles at all ; further, the muscles 
belonging to the proximal portion of the tail are, both in Rhesus and 
Cat, well represented in the same segments of the cord as are the 
intrinsic muscles of the foot; and the muscles of the root of the tail 
are more powerful and also one would think more used than those of 
the distal part of the tail. So that, supposing the mesial cell-group of 


the anterior horn of this region of the cord to be related to the tail 


muscles it might be expected that the group would be present in the 
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9th—8th segments of the cord and in well-developed proportions. And 
it was seen that after loss of the distal member of the limb the mesial 
cell-group did not shew good evidence of ill development. 

The above argument for a connection between the lower end 
of the postero-lateral cell-group of the anterior horn and the intrinsic 
muscles of the sole and palm has proceeded all along on an assumption 
that seemed so natural I have forborne discussing it as early as perhaps 
should have been really done. This assumption is that a major part of 
the fibres of the rootlets composing the anterior division of the root of a 
spinal nerve is derived from nerve cells in the grey matter of that segment 
to which the particular anterior root in question is attached by its 
superficial origin. This assumption has been made so generally that I 
can find but little evidence recorded either for or against it. 

L. Edinger’ after examining the condition of the spinal roots in 
the case of intrauterine amputation of the hand already referred to 
pointed out that as the atrophy of the roots was greatest at the same 
level as the greatest atrophy of the cells the chief part of the nerve 
fibres of the brachial plexus must arise in the grey substance of the 
cord at the same level as their place of attachment to the cord. 

But in the case of a posterior root although some portion of its 
fibres appear to possess end stations in the grey matter of that segment 
to which its filaments are attached, it is certain that very considerable 
portions of its fibres first reach end stations in segments far distant 
above the segment at which they began an intraspinal course. _ 

It might be judged from the long sloping course of the anterior 
roots in the cauda equina that an almost longitudinal direction would be 
for some distance maintained by the fibres of the rootlets intraspinally. 
In reality such appears not to be the case or to a very slight extent 
only. For instance in the region of exit of the long slanting sixth 
subthoracic nerve rootlets, frontal sections will sometimes display one 
and the same anterior root-fibre crossing from a point in the grey 
matter abutting on one of the cell-groups of the horn right away to a 
point in a bundle of anterior root-fibres close to its emergence at the 
periphery of the white antero-lateral column. In some frontal sections 
I have seen one and the same anterior root-fibre traceable from close to 
the medial side of the postero-lateral cell-group of the anterior horn 
away into an anterior root bundle and along that for nearly the whole 
length of it; the fibre in these cases extends more than half across the 
section of the cord. Very notable is the bold sweep with which such 

1L. Edinger. Virch. Archiv, XX. Bd. 1882. 
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fibres traverse the grey matter intervening between the cell-group 
whence they come and the root bundle into which they pass. They 
emerge from the postero-lateral cell-group only a fraction of a millimeter 
above or below the point of their emergence at the surface of the cord. 

Wishing to test somewhat more closely this question respecting the 
relative positions of the superficial and deep origin of the anterior roots 
I divided the cord of Rhesus completely across close above the 9th 
thoracic nerve-root, and then examined the condition of the fibres in its 
rootlets four months later. I found them to contain, even the most 
anterior (highest) of them a large number of sound nerve fibres (Fig. 
12, Pl. XXI.) The sound nerve fibres were both of large and small 
diameter, the smaller being evidently those described by Reissner’ and 
Gaskell“ and ascribed by the latter to efferents going to the sympa- 
thetic system. It might be objected that at the level of the 9th thoracic 
root that slant of the root-fibres after their exit from the cord so 
characteristic in the lumbar region hardly exists, and that therefore the 
result obtained may not be applicable to the roots of the lumbar region. 
To meet this the above explanation that the slant is almost purely 
extraspinal not intraspinal may be cited, and the following observation. 
The spinal cord of Macacus rhesus was completely divided across just 
under the origin of the lowest thoracic nerve-root, and again, as later 
examination shewed, not quite completely, part of the left anterior 
column escaping, at the origin of the 3rd lumbar root. Time was 
allowed for degeneration to occur (six months was allowed). The 
anterior root of the Ist lumbar was then stimulated by weak tetanising 
currents and gave smart contraction of the muscles of the abdominal 
wall; one side only was tested, the other being left undisturbed for the 
sake of subsequent microscopic examination. The 2nd lumbar nerve 
anterior root also gave smart contraction in abdominal wall on excitation. 
The 12th thoracic and the 3rd lumbar roots gave no contraction; the 
lower section wound was found to traverse the origin of the 3rd lumbar 
root about its widest part; the root of the 12th thoracic was found to 
have been divided in its extraspinal course in the performance of the 
transverse division of the cord just below its place of origin. The 
anterior root of the 4th lumbar gave contraction in the upper muscles 
of the front of the thigh, with slight flexion of hip and slight extension 
of knee with adduction. 

The Ist and 2nd lumbar, and the 4th lumbar anterior roots were 


1 Archiv f. Physiol. 1862, of. also Beck, Phil. Trans. 1846, p. 218. 
This Journal, Vol. loc. cit. 
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preserved for microscopic examination. In all three there are large 
quantities of perfectly sound medullated nerve- fibres, both of large and 
small calibre. It is difficult to affirm that any fibres have disappeared, 
but the connective tissue in the Ist and 4th lumbar roots appears to 
be excessive, especially in the last mentioned. 


Secrion V. 
THE SIGNIFICANCE OF THE ARRANGEMENT OF THE LIMB-PLEXUS. 


The functional significance of the limb plexuses and of the muscular 
arrangements represented in the nerve-roots deserves consideration. 

Enough has been said in the short historical review given at the 
beginning of this paper to shew that from the commencement of this 
century there has been division of opinion concerning the significance 
of the nerve-plexuses of the limbs. On the one hand it has been 
supposed that the origin of their existence lies in the functional necessity 
for associating to one cell-group in the cord muscles placed apart from 
one another in the limb; this view was based on the observation that 
muscles placed widely apart are contemporaneous in action even in 
simple movements of the limb, and on the belief that the individual 
cell-groups of the cord representing the spinal nervous centres were of 
transverse rather than longitudinal extent. Against this we know that 
most movements are represented in vertical tracts and that the whole 
anterior grey matter at any one nerve-segment contains cells that are 
concerned with a number of different movements“. 

As mentioned above, Panizza and also Kronenberg declared a 
chief use of the plexal arrangement of limb-nerves to be protection of 
the muscles against fatigue. An experimental test of their hypo- 
thesis they do not seem to have supplied. I have for various reasons 
attempted to offer one. The view, old though it be and somewhat 
crude though it appear as briefly stated in the “Essay” of 1836, 
harmonises with the modern doctrine that the nature of the movement 
produced by excitation of a single spinal root is highly coordinate, for 
the use of the plexus might be that one part of a muscle should be 
employed in some particular coordinate action without drawing upon 
the resources of another part of the muscle to be brought into play 
fresh in some other particular coordinate action. The test experiment 
might also throw some light on the existence of the ‘ fatigue substance’ 


1 Ct. Gowers. Diseases of the Nervous System, 1. p. 128. 
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supposed to be related to peripheral fatigue. The method by which I 
attempted a test of the matter may be perhaps best stated by briefly 
relating an experiment. 


May 2, 1891. Rana temporaria, J. Pithed at 9.40. Right gastro- 
cnemius tendon isolated and fixed in myograph, femur and crural bone had 
been previously clamped to platform. Circulation intact, the peroneal and all 
branches of the sciatic cut in thigh except the popliteal. The vii, viii, and ix 
roots ligated just outside the intervertebral foramina and then divided proximal 
to the ligatures. The three roots are freed from the strands of connective 
tissue tying them somewhat together ; the completely free part of the viii root 
has a length of 19 mm., the length of the vii root somewhat exceeds it, that 
of the ix root is somewhat less. Each of the three roots is laid on a pair of 
platinum electrodes, the points in each pair being 1 mm. apart. The myo- 
graph is arranged for isotonic contraction, a load of 25 grms. is attached 
to the lever at 2 mm. from the lever's axis. The electrodes connected with 
the viiith root are those of the secondary coil of the sliding inductorium 
with Helmholtz side wire, in the primary circuit a one pint Daniell’s ele- 
ment. The position selected for the secondary coil is one at which muscle- 
nerve preparation is found to give a submaximal contraction with both make 
and break shocks. The electrodes upon which the ix root is placed are those 
of the secondary of a similar inductorium in the primary circuit of which a 
one pint Daniell is the element. A rotating key is introduced into both the 
primary and secondary of this inductorium so that breaking shocks only are 
conveyed into the nerve root connected with it. Further it is arranged that 
after a certain number of break shocks have been thrown in by the electrodes, 
the break as well as the make shocks shall be for a time cut off from the 
electrodes by a short circuiting key. A switch is also introduced into this 
secondary circuit, allowing the current into the electrodes on which the vii 
root is placed if desired. Time marker indicates each twenty-fifth second. 
Recording surface travelling 2 mm. per second. 

9.58. Break current switched from root ix into vii gives good contraction 
of sartorius and rectus but no trace of contraction in gastrocnemius. Break 
current thrown into root viii gives no contraction in sartorius and rectus. 

10.1. Make and break currents from rotating key thrown into root viii 
give make contraction of 42 mm., break of 47 mm. 

10.2. Ditto after interval of 114” give make contraction 44 mm., break 
7 mm. 

10.3. Ditto after similar interval, make contraction=44 mm., break 
47 mm. 

Then 136 contractions (break) through root ix in 55“, then 5” pause. 
Then make contraction through root viii - 44 mm. 9” pause, then break con- 
traction through root viii=47 mm. 7” pause. 
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Then 136 contractions through ix as before, no evidence of “fatigue” 
(Fig. 15). 5” pause. Make contraction through viii - 44 mm. 9” pause. 
Break contraction through viii - 47 mm. 7” pause. 

Then 136 contractions through ix as before. Evident diminution of height 
of contraction 5” pause. Make contraction through viii - 41 mm. 9” pause. 
Break contraction through viii = 44 mm. 7” pause. 

Then 136 contractions through ix as before. Marked evidence of “fatigue.” 
Contraction height reduced to less than } (Fig. 15). 5” pause. Make con- 
tractions through viii - 35 mm. 9” pause. Break contraction through viii=41 
mm. 7” pause. 

Then 136 contractions and so on. 

10.11. The effect is pushed to almost complete extinction of response 
from the root ix, and the make contraction from the viii= 32 mm., the break 
contraction = 36 mm. (Fig. 15). 

10.17. The tracing shews the response from ix is irregular and at best 
hardly perceptible. The response from viii has improved. 

10.20. The tracing shews that the response from ix has practically failed. 
Response from viii make contraction 40 mm. Break contraction = 46 mm. 
There is no sluggishness of return of the relaxation line to the base line, 
(Fig. 15) as was marked at one time (10.11 for instance, Fig. 15). 

Compare also the results seen in Fig. 12, Pl. XXIII. 


Thus it seems that the fatigue produced by excitation of one of the 
motor roots of a muscle may affect, i.¢. slightly diminish the response 
obtainable from the other motor root. It will be urged that escape of 
the exciting current from the one root to the other produced the effect. 
But the fact that the same current which was applied to the “fatiguing” 
root (ix) did not when applied to vii root, which like the ix also 
meets the “test” root (viii), escape on to the “test” root, is against its 
escape on to the “test” root when applied to the “fatiguing” root. 
And other facts militate against an explanation by escape. If the 
“ fatiguing ” root be small and supply a smaller share than usual of the 
muscle, as evidenced by its yielding from the first a relatively small 
contraction, the fatigue effect communicated to the “test” contractions 
may be very slight or apparently wanting; and the converse holds good 
when the “ fatiguing” root is unusually large. This is contrary to what 
might be expected on an explanation by escape of current, for with the 
smaller root the tendency for local conditions of stimulation to spread 
would be greater than with the larger root. Again, in the experiment 
the extreme diminution of the response elicitable through the “ fatigu- 
ing” root is due partly to intramuscular fatigue, but partly to changes 
in the nerve itself at the region affected by the stimulating currents, 
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so that after a while (e.g. ten minutes) the intramuscular fatigue is 
apparently not increased further by the continued excitation of the root, 
but even diminishes ; in the nerve-root to which the stimulating currents 
are still applied (the “fatiguing” root) the changes are all the while 
progressing, at least not retrogressing. If the “test” root is affected by 
the currents applied to the “fatiguing” root then the response obtain- 
able from the “ test” root will still continue to suffer diminution, at least 
will not increase; if on the other hand the “test” response is really 
influenced by the condition of the muscle-fibres in the fatigued part of 
the muscle the test response may at this stage not suffer diminution, 
or may actually improve. In the experiments, as shewn in that quoted 
above, improvement of the “test” response in the later stage of the 
experiment does as a matter of fact regularly occur. 

The record of contraction has sometimes been taken isometrically, 
sometimes isotonically; the muscle employed has sometimes been the 
tibialis posticus, generally the gastrocnemius ; in some the “fatiguing” 
root has been viii, the “test” root ix; generally ix has been 
the “fatiguing” root: the character of the result has not been essentially 
altered by. these modifications. A condition which does more modify 
the result is the maintenance or removal of the circulation. When 
instituted on an excised muscle the degree to which fatigue produced 
through the “fatiguing” root influences the response obtainable from 
the test root is more marked, the influence becomes apparent earlier 
and persists longer. Fig. 14, Pl. XXI. gives an example. If therefore 
peripheral fatigue be due, as some facts render probable, to genesis by 
the active material within the muscle fibre of a fatigue substance or 
substances, potent chiefly upon the motor end plate, the substance or 
substances in question do appear, to be fairly rapidly diffusible from 
one part of the muscle to another, and to pass quickly through 
the sarcolemmal sheaths so as to infect adjacent tubules. 

The experiments appear to shew that Panizza and Kronenberg 
were broadly right in supposing that if fatigue be produced in a muscle 
by excitation of one motor root to it, the muscle will remain still largely 
unfatigued for excitation by another motor root to it. Yet that to 
effect this is a main office of the plexal arrangement is hardly likely, 
because muscular action pushed to the extent of producing great 
peripheral fatigue, is not of frequent occurrence under natural conditions, 
central fatigue intervening before the peripheral can occur’. Further 


1 Waller. Brain, 1891, p. 179. 
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although the above test experiments prove as I think that the two 
innervations may be considered, broadly speaking, independent one of 
another, yet that seems almost the necessary accompaniment of the 
fact that Kühne, Krause, Eckhardt and others fail to find in muscles 
innervated by more than one nerve root, that any individual fibre is 
innervated by more than one of the motor roots to the muscle. 
Regarding the physiological meaning of a limb-plexus this much 
indeed is clear, that by its instrumentality nerve-fibres passing through 
a number of spinal roots from an extended line of origin in the cord are 
sorted and collected in such a way that all those destined for one 
particular muscular organ, eg. the supinator mass of the forearm, the 
mass of flexors of the ankle-joint, finally exist gathered together in 
one and the same nerve-trunk. And, to judge from Krause’s dis- 
sections, any such physiological significance as this if allowed to the 
constitution of the main cords of the plexus must be extended to such 
nerves as the median, popliteal, and peroneal. That is to say, judging 
from Krause, the process of sorting is not completed in the proximal 
part of the plexus but involves a considerable length of the nerve-trunks. 
He enquired “ob es nicht möglich sei die anatomische Präparation so zu 
verfeinern dass man mit dem Messer die einzelnen Faserbiindel von den 
Wurzeln des Plexus brachialis bis zu ihren peripherischen Enden 
verfolgen könne. Hierzu wurde aus der oben angeführten Gründen 
die obere Extremität des Menschen gewählt, und die Anwendung 
chemischer Methoden versucht. Auf diesem Wege ergab sich ein 
unerwarteter Aufschluss, wie eigentlich die sogenannten Nervenstämme 
beschaffen sind. Die Nn. medianus, ulnaris, radialis &c. wurden in 
ihre constituirenden Faserbiindel zerlegt, u. nachgewiesen, dass sie selbst 
richtiger Plexus genannt zu werden verdienen. Die complicirte Structur 
des N. medianus geht aus Taf. III. sodeutlich hervor, dass eine weitere 
Beschreibung unnöthig erscheint.“ Krause abandoned dissection as 
incapable of answering the question “wo nämlich die Faserbiindel der 
einzelnen Riickenmarksnervenwurzeln an der Peripherie endigen. Die 
Verhältnisse sind zu complicirt, wie ein Blicke auf die Verflechtungen 
der auseinander gewissten feinsten Biindel des N. medianus lehrt. 
Dasselbe gilt wie weiter ausgedehnte Untersuchungen lehrten für die 
Nn. radialis u. ulnaris In this conclusion Krause only endorses the 
prior experience of Morton, Meckel and Swan. Against the conclusion 
stands however the experience of Walsh (American Journ. of Med. 
Sciences, Oct. 1877, p. 397). And it is difficult to understand if the 
arrangement be so complex as Krause describes the possibility of such 
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tracing of nerve-bundles along main trunks as was actually accomplished 
by Herringham. | 

It is clear that through the plexus definite aggregations of nerve- 
fibres for definite natural groups of motile and sensitive parts are 
structurally combined, but the nerve trunks of adjacent somites fuse 
when the other elements of the somites fuse, and the nerve plexuses 
may be only one more indication that in the limbs adjacent somites 
commingle more than do adjacent somites in other portions of the 
body. The combination of nerve trunks in the plexuses would therefore 
be but the outcome of the anatomical conditions of the parts. The 
attribution to them of this anatomical significance does not at all deny. 
a physiological element to their ontogeny. I would be the last to deny 
a physiological moment in the structural development of the limb. 

From the anatomical side, two views of the formation of the limb 
plexuses are possible. Gegenbaur, Fürbringer, Davidoff and 
Rosenberg consider the formation of a plexus to be best explicable as 
the result of shifting of the position of the limb along the spinal axis. 
As the limb shifts it retains its own nerve-roots and comes into connec- 
tion with others. In that way the long nervus collector of the skates 
and ganoids is believed to epitomise the steps of backward travel by the 
pelvic girdle. But Dohrn and Wiedersheim hold that the Selachian 
fin originated in the meeting of a number of primitive rays and that as 
the fin became narrowed at its attached base the spinal nerves proper 
to it passing through the constricted base came to be more or less fused 
together. 

I here touch upon this question of the ontogeny of the limb plexuses 
because it bears on the further question of whether a physiological or 
functional significance as well as an anatomical is to be attached to the 
distribution of the anterior nerve-roots entering the limbs. 

With the anterior spinal roots the case is different from that of the 
nerve-cords of a plexus. To the former a morphological meaning 


cannot be refused; for the latter a morphological meaning may be less 


clear, and, as mentioned above, some writers have denied it. But the 
belief that a physiological meaning is to be attached to the formation 
of nerve-cords by the roots of a plexus, and that by that means the 
various muscles which are known to act together in certain movements 
are brought together under the dominion of one nerve-root, presupposes 
a meaning physiological as well as anatomical attaching to the motor 
distribution of the fibres of the individual spinal nerve-roots themselves. 
It presupposes and implies that the aggregation of fibres in an anterior 
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spinal root represents some definite coo:dinated movement of the limb. 
This idea has been in the ascendant of recent years owing to the 
conclusions drawn by Ferrier and Yeo from their well-known experi- 
ments on the nerve-roots of the monkey. In reference to their results 
Ferrier and Yeo write, “It will be seen that the movements which 
result from stimulation of the individual roots of the brachial and crural 
plexuses are not mere contractions more or less strong of various 
muscles but a highly coordinated functional synergy in each case, as 
Remak has supposed.” The validity of this conclusion it is a little 
difficult to test. The mere superficial resemblance of the position 
assumed by the limb on the excitation of one of its spinal nerves to one 
of the manifold positions assumed by it in the normal activity of the 
body appears a somewhat slender basis for the argument. The hind 
limbs of a frog when it tries to climb the side of the bell jar which 
confines it assume an attitude of extreme extension with at least an 
outward semblance of their position during a strychnic cramp or under 
excitation of the viiith spinal root, but is it permissible from that 
resemblance to argue that excitation of the viiith spinal root produces 
really a well coordinated movement of the limb? | 

Myself I have not been struck by a resemblance between the 
movement produced by excitation of the subthoracic roots and the 
coordinated movements of life. If it be urged that in order to obtain 
the resemblance the excitation employed must be strong, so as to bring 
into full action every component of the complex entity of the root; when 
I have done so, the resulting movement has seemed to me, especially in 
the case of the 6th root, like a strychnia cramp rather than like a 
movement in coordinate adjustment. If, on the other hand, it be urged 
that minimal excitation must be used, I have not been able to obtain 
by that means any more obvious relation to a coordinate movement. 
For instance, excitation which is just efficient often induces through the 
9th root abduction of the tail together with flexion of the digits and 
the hallux. Extremely feeble excitation of the 8th sometimes produces 
flexion of the minimus and hallux without movement of the intervening 
digits, sometimes flexion of the 3rd and 4th digits without the other 
three, very frequently pursing of the anus together with opposition and 
flexion of the hallux. These combinations strike the observer at once as 
bizarre if not grotesque, and, I would maintain, give little suggestion 
that a highly coordinated functional synergy is brought into play. 

When several of the motor spinal roots belonging to a limb-plexus 
are cut through, the immediate effect upon movements executed by the 
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limb is expressive of helplessness and weakness of movement rather than 
of incoordinate movement. For instance: 


Macacus Rhesus, young J. The 8th cervical and the Ist and 2nd thoracic 
motor roots divided on the right side in the spinal canal; two hours later 
the animal keeps the forearm flexed, and the wrist midway between prone 
and supine positions. He does not often attempt to use the limb, 
apparently preferring to use the left. Occasionally he is induced to use 
it, and it is seen that the forearm can be flexed well, the hand well shut, and 
he takes my finger in his own with a fair grip; there is no obvious hesitancy 
or tremulancy of movement, and the fingers seize accurately the thing (e.g. 
my finger, the ledge of the table, the side of a shelf, a loop of string), which 
apparently he intended them to take. The grasp is however much weaker 
than that of the other hand, and does not appear to be executed quite so 
quickly, nor in quite the same manner, although in what the latter difference 
consists is not clear. : 

Macacus Rhesus P. The 4th, 5th, 6th and 8th cervical roots and the Ist, 
2nd and 3rd thoracic roots of the right side divided intraspinally. Three 
hours later the following note was made as to movements of the right arm. 

The limb is allowed to hang vertically at the shoulder joint. It cannot 
be raised at that joint, as for instance for the forward stroke swimming or for 
reaching an object above, nor can it be brought forward over the front of the 
chest. It can be drawn backward at the shoulder-joint and when it has been 
raised it can be brought down with considerable force as in the backward 
movement of the swimming stroke. There is some power of flexion at the 
elbow, but it is slight. The forearm is kept extended. As the arm droops 
(the animal sitting down) the hand is on the floor, lying with the palmar 
surface upward, but the position of the wrist is pronation. There is some 
power of flexion at the wrist, but apparently no power for extension at the 
wrist. There is some power of grip in the hand, as tested by allowing the 
animal to hold my finger. There is apparently great disinclination to attempt 
a movement with the limb, but no incoordination of the movements under- 
taken, although the movements are feeble and appear somewhat slow. 

Macacus Rhesus P. The motor roots of the 3rd, 4th, 5th, 7th and 8th 
cervical and of the Ist and 2nd thoracic nerves divided on the right side. 
Two hours later the following note was made: 

As the animal is quietly seated, the head is turned somewhat away from 
the right side, and there is prominence of the sterno-mastoid muscle; the 
right shoulder is low; the forearm is kept at about a right angle with 
the upper arm, the wrist is placed with the radial edge upward, the hand 
midway between prone and supine, the fingers and thumb are semiflexed. 
No extension of the shoulder is seen to occur. When I extend the forearm 
it can be brought back to semiflexion but very slightly beyond semiflexion 
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(i.e. forearm at 90° to upper arm). In doing so biceps and supinator longus 
can be felt contracting. Flexion of hand not seen to take place. The grasp 
is wholly lost. When the body is inverted as occurs when the animal comes 
down from roof of cage the right arm hangs downward, and an attempt to 
raise it, i. 6. to bring it up to horizontal with head, or to bring it to side, fails. 
Apparently the hanging limb can not be brought to side of trunk. In the 
attempts and failures and in other movements carried out successfully there 
is observed no want of coordination, as evidenced by misdirection, or by 
apparently purposeless or jerked or indirect motion. Feebleness of movement 
and unwillingness to attempt movement seemed obvious enough but not in- 
coordination. 

Macacus Rhesus. The 4th, 5th, 6th and 7th cervical ventral roots of the 
right side, and the highest four thoracic roots of that side divided inside the 
spinal canal. Three hours later the following note was written. “The arm 
droops at the shoulder, but can be raised to some extent. At the elbow 
three-quarter extension is maintained. The forearm can be flexed to some 
extent, the radial edge of the wrist being kept uppermost in so doing, and 
the hand thus being midway between prone and supine. A certain amount 
of grasp of the hand is retained ; my finger is taken with a feeble hold but 
without clumsiness.” 

Macacus Rhesus P, young. The 5th, 6th, 7th and 8th cervical and the Ist 
and the 3rd, 4th, 5th and 6th thoracic roots severed on the right side. Note 
written three hours later. The right arm droops. The hand is occasionally 
closed, the fingers and thumb folding together in a slow manner but without 
any sign of want of coordination in their synchronous movement; the closure 
is not a tight one: my finger is merely loosely held. Slight flexion at the 
wrist certainly accompanied the movement once, but was not noticed on the 
other occasions. No other movements observed within the limb.” 


I preferred to examine this point by experiments on the upper limb 
because I feared being misled in observations on the lower limb by the 
impressions already received from my own experiments on its plexus. 
Observations of the kind I have however also made on the lower limb. 


Macacus Rhesus. The 6th and 9th subthoracic roots divided on the 
right side within the spinal canal. One hour later, no obvious clumsiness of 
movement but great reluctance to move it. Grasp by the right foot is feeble, 


_ @g. when the foot is grasping the side of the cage the foot can be quite easily 


loosened from the cage by pulling on it, whereas it is difficult to loosen the 
grasp taken by the left foot. There is also some difficulty obvious in rising 
from the squatting posture, the body seems to be lifted chiefly by the left 
leg, 

Three months later (82 days); no clumsiness or incoordination in move- 
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ment of limb noted. No obvious reluctance to use the limb. The grasp 
however of the right foot is still feeble, as feeble as at first: there is still the 
appearance as if in rising from the sitting posture the left limb was the chief 
power. I believe this appearance not to have been present in the animal 
before the operation, for it had been in the laboratory under observation some 
time previous to use, and further because a very similar appearance was seen 
in a monkey in which the 7th, 8th and 10th roots had been divided on the 
right side. The tail in that animal deviated to the left side (in consequence 
of the root lesion), and as the tail lay under the left ham it was noticeable 
that in lifting the body from the sitting position the left ham had sometimes 
board of the shelf on which the animal was squatting. 


In other experiments in which the 6th and 7th roots, the 8th root 
alone, the 3rd and 4th, 6th and 7th, the 4th, 5th, 7th and 8th, the 6th, 
8th, 9th and 10th were divided, there was no clear evidence of 
incoordination of movement as a result immediate or remote. Move- 
ment was rendered somewhat slow at first and was enfeebled. The 
evidence was rather that of a weakened condition of many move- 
ments; only when the number of consecutive roots was more 
than two there appeared a certain limitation of the range of 
movement by complete loss in some particular direction. The 
helplessness, at first in some cases very apparent, rapidly diminished 
up to a certain point. The diminution seemed to be largely due to 
the overcoming in course of time of an unwillingness to attempt move- 
ments with the injured limb. Thus the animal with division of lowest 
cervical and the upper two dorsal roots of the right side was at first 
never seen to attempt to use its right arm to climb to its shelf and could 
not be induced to do so, but directly the left arm was bandaged, on 
climbing to its seat it used the right and did not misdirect the move- 
ments of it. Two months after the lesion the same animal returned to 
its shelf sometimes voluntarily using the left side of the cage, sometimes 
the right, the right arm being used in going up by the right-hand way, 
the left arm by the left-hand way. Again, the animal with severance 
of the 7th, 8th and 10th roots on the right side was unwilling at first to 
climb the side of the cage or to rise from the squatting posture, but 
could if need be do both; later it displayed no unwillingness to do 
either, and ran freely about the cage, to casual observation not obviously 
abnormal. 

That the loss of some particular coordinated movement results from 
the severance of one of the motor roots to the limb plexus, I have been 
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unable to detect, and seen no evidence to support. But it might be 
expected to do so on the view that the compound movement obtained 
by excitation of a whole nerve- root is a well coordinated one depending 
on the action of a group of muscles in synergic combination. I gather 
from the experiments just mentioned and from similar ones on the frog 
that the execution of a coordinated movement is still possible when one 
motor root only of the plexus remains open as a channel from the cord ; 
that equal excitation of all the fibres of one efferent root produces 
a coordinated movement, still less a well coordinated one, there is it 
seems to me no evidence to shew. 

And there is another objection to the view. When it is remembered 
that excitation of small bundles taken separately from the fibres of the 
anterior root give movements that do not obviously differ from one 
another in character, although the groups taken be of natural composi- 
tion, that is to say, composed of fibres arising together at the line of 
exit of the motor root from the cord, it is clear that by the grouping of 
the fibres in their outflow only a comparatively few of the many 
coordinated movements of the limb can possibly be expressed, and in 
for instance the frog where only three motor roots enter the hind limb, 
the number becomes so limited that it seems a natural question to ask 
why when so much of the coordination of movement of the limb is left 
unexpressed in the simple anatomical terms of groups of fibres forming 
spinal anterior roots, any at all of the coordination should be represented 
in that way? Is the special coordination of the movements discover- 
able to us in that kind of way at all? Is it not rather associated 
with arrangements inside the cord largely incapable of representation 
by anatomical grouping fettered as that grouping must be by old 
standing relations of posterior and anterior, superior and inferior, medial 
and lateral, heritages from ancestral segmentation ? 

The following observations bear I think on this question. One of the 
filaments of which the ventral root of the 8th or 9th subthoracic spinal 
nerve is naturally composed is laid bare in the spinal canal, is isolated, 
divided across, and after division its long peripheral portion (several 
centimeters in length) lifted up clear of the other rootlets, laid upon the 
sheathed electrodes and then stimulated by weak tetanising currents of 
just above minimal efficiency. There results closure of the foot by 
flexion of all the digits and adduction of the minimus and hallux with 
some opposition of the latter, a movement similar to that following 
excitation of the whole ventral root in its entirety; it is true the 
movement although similar is not so forcible. If on the other hand 
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the central end of a filament of the dorsal (posterior) root of the Sth or 
9th spinal nerve be similarly excited a movement in the foot is produced 
which usually consists in simple adduction and opposition of the hallux 
with some flexion of it, but with no movement in the other digits at all. 
If instead of a filament of the dorsal (posterior) root in question the whole 
root be taken a similar result is obtained, and with a weaker current. 
A most intimate commingling of the efferent fibres to the intrinsic 
muscles of the foot must therefore exist along their line of outflow from 
the cord. Fibres for the most posterior and anterior individual muscles 
must coexist in the same root-bundles side by side. Isolated action of 
a single digit, e. g. hallux, is thus difficult or impossible to obtain by 
direct excitation of competent strength applied to efferent nerve 
roots, isolation by anatomical means of the filaments in the motor 
roots not leading to isolation of sets of efferent fibres for definite 
functional movements. But isolated action of a single digit, eg. 
hallux, may be readily obtained by appropriate excitation of afferent 
roots of the cord, even when excited in such considerable bulk as for 
instance the entire dorsal root of a large spinal nerve like the 8th or 
7th subthoracic of Macacus. Moreover a not inconsiderable range of 
strength of stimulus applied to the central end of the dorsal (afferent) 
division of the spinal root will evoke simply flexion and opposition of 
the hallux without movement of the other digits, whereas it is some- 
what difficult to find for any motor root or root-filament a particular 
pitch of excitation which will cause movement of one digit without 
contemporary movement of others; sometimes in the efferent roots 
I have not succeeded in finding any strength of stimulus which 
will give movement of one digit without movement of the others as 
well, but it is generally possible with patience to do so, and sometimes 
the hallux is the digit which is earliest to reply on gradually bringing 
the excitation from below minimal up to the minimal point. The 
inference from the experiments I take to be that the spinal 
mechanism for individual movement of any such one part of 
the limb as a single digit is so distributed in space that the 
anatomical arrangement of the efferent fibres debouching 
from it into the spinal roots does not allow in any one root- 
filament of a perfect representation of the one movement, 
but only of an imperfect representation of several adjacent 
local movements though not for each equally imperfect. 
Again, by the method of minimal excitation I have failed to find 
evidence that the movement produced by a single efferent root is in 
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nature a truly coordinate one. In examining the point it seemed 
that no more favorable field for test could be employed than the foot or 
hand and the movements of the digits. As has already been adverted 
to the effect of minimal excitation of such efferent roots as the 6th, 7th, 
8th, or 9th subthoracic has not always in my hands given quite similar 
results. Frequently such quaint and bizarre movements as flexion of 
hallux and minimus together, or of only third and fourth digits together 
or of index alone, etc., have been the results of the minimal excitation, 
so that although movements which do not bear on the face of them any 
obvious incongruity or want of co-adaptation have not been infrequent, 
such for instance as flexion of hallux and all the digits or of hallux and 
index together, I am less disposed to consider these latter as truly 
coordinate and the numerous others as accidental errors of experiment, 
than to believe that the apparently coordinate movements were really 
no more so than the obviously incoordinate, and merely appeared 
coordinate because one has only superficial means of judging of coordi- 
nation of movement even in such a comparatively favourable field as 
the delicately mobile foot of the macacque. It is true that it may be 
objected that the method of minimal excitation is a fallacious guide, and 
that it yields at best an imperfect picture of the capabilities of the 
nerve to which it is applied; yet it affords a useful idea of the main 
distribution of the trunk and helps to differentiate the main from the 
subsidiary. Also it may be objected that in the movements obtained at 
least flexion went with flexion, extension with extension, that is to say, 
that no movement was observed such as flexion of the index together 
with extension and abduction of the hallux. That is true, but is as 
explicable by the segmental and purely anatomical view of the composi- 
tion of the roots as by the view which attaches to them a functional 
constitution, because as shewn on page 748 infra, circumstances of purely 
segmental and morphological moment would place together the. flexors 
of joints equally far down the axis of the limb and would place the 
extensors of so situated joints together, and because the levels of 
greatest spinal representation of, or of greatest spinal out-flow to, the 
flexors and extensors would not fall within the same segment of the 
cord. Nor should I, had it happened, have considered that extension 
of certain digits contemporaneously with flexion of others necessarily 
indicated want of coordination. Flexion and adduction of the hallux 
with extension of the other digits especially at the metatarsophalangeal 
joints, I have frequently seen occur as a spinal reflex movement in the 
foot of Macacus rhesus just as one frequently sees it occur on excitation 
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of the leg area of the hemisphera! cortex’. Because I was well 
acquainted with the movement as a spinal reflex I looked for it with 
especial attention when exciting the individual efferent roots of 
Macacus or the component filaments of them, and can affirm that 
I never saw it occur under those conditions once, although the number 
of separate excitations made must run into several hundreds. 

Further, in the variability of the relation of any particular ventral 
root to any particular muscle the conception of the root as representing 
a highly coordinated functional synergy encounters difficulties almost 
insuperable. In the same species the sixth subthoracic efferent root 
occasionally gives extension of the knee, although in most individuals 
flexion, again, in one individual folding of «a digit, in another 
straightening. And between these extreme types of difference there 
are intermediate types each of which must exhibit according to the 
above view a coordinate synergy peculiar to the individual. 

If the collection of fibres in each anterior root is really the represen- 
tation of a highly coordinate functional synergy it is hard to conceive 
why the sacrococcygeal muscles in both rhesus and cat are supplied 
from the 8th and 9th roots, so that in the movement belonging to 
the 8th root there is associated with flexion at the knee, extension at 
the ankle and folding of the toes, a strong lateral deviation of the tail, 
and a smart tightening and pursing of the anus. Or in the movement 
of the 9th root why there should be pursing of the anus accompanying 
flexion of the digits and the hallux. Why should constriction of the 
vagina be inseparable from closure of the anus; why the hallux opposed 
at the same time as the urinary bladder evacuated? These affinities 
of action, strange to explain on the theory of the synergetic origin of the 
motor root, appear natural and in accordance with expectation when 
viewed from a morphological stand-point. 


The fact that the same ventral root often innervates opposing 
muscles does not necessarily offer any contradiction to the statement 
that the movement produced by excitation of the root represents a 
highly coordinated functional synergy because as is well known opponent 
muscles frequently act in concert. Indeed the fact that the same root 
is often motor to antagonistic muscles although pointed to by Eckhardt 
as adverse to the functional view of the constitution of the root, may 
equally well or even more fittingly be mentioned as an argument in its 
favour. It is for that reason a point demanding some examination here. 


1 Cf. also Beevor and Horsley, Phil. Trans. 1888, B. p. 205. 
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Duchenne’ and Rieger“ have maintained that in all voluntary 
movements two sets of muscles which exercise antagonistic action 
are thrown simultaneously into contraction. Pettigrew* has advanced 
somewhat the same view, and indeed Winslow‘ seems to have been its 
earliest exponent. Beaunis“ has however concluded from experimental 
observations that in some movements one set only of the antagonistics 
contracts, the other remaining inactive. Brücke“ and more recently 
Demeny’, and Beevor® have shewn that in certain natural movements 
of the human body one member only of the antagonistic couple is 
employed. If antagonistic muscles are sometimes coordinated in their 
action in such a way that during movement one element of the couple 
is passive while the other is contracting, it is clear that for carrying out 
such examples of coordination the anterior spinal root as a whole is not 
a suitable instrument. Not even the small natural bundles composing 
the root can where, as is the rule, each bundle is like the root itself 
distributed to antagonistics, be as a whole concerned or employed. If 
the natural filaments of the anterior root of the 7th subthoracic be 
taken according to their serial position in ten small bundles and be each 
excited with a current sufficiently strong to stimulate all its fibres 
equally, each and every bundle gives contraction of both flexors and 
extensors of the ankle joint. So that neither by the root itself nor any 
one of these its root bundles taken in its entirety can a coordinate 
movement employing only the precrural or only the postcrural muscle 
group be carried out. The same is true of flexion and extension at the 
wrist and of the 8th cervical root. I have taken some further observa- 
tions bearing on this point. 

Selection was made of a pure ginglymus joint acted upon by astrictly 
antagonistic muscular couple, the antagonistic couple being innervated 
by nerve-roots which each supplied both of the two components of the 
couple. A joint which fulfils these conditions is the tarso-crural of the 
frog with its precrural and postcrural sets of muscles, and its motor-roots, 
namely, those of the 8th and 9th spinal nerves. Each of the roots 
supplies both the preerural and postcrural muscle-groups (Fig. 3. 

1 Physiologie des movements, 1867, p. 766. 

2 Archiv f. Psychiatrie, xm. 

3 Animal Locomotion, 1874. 

An anatomical exposition of the structure of the Human Body. 1749. 
5 Travaue du Laborat. de Physiol. de Nancy, 1884. 

6 Wiener Sitzungsberichte d. k. k. Acad. 1877. 

7 Archiv de Physiol. normal et path. 1890. p. 747. 

Brain. 1891. p. 54. 
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Pl. XXIII.) After the brain had 3 destroyed the hind limb was 
fixed and as regards the hip and knee its joints absolutely immobilised 
by metal clamps or by rivets passed through or holding the femur 
and the os cruris; the foot was removed; the tendo achillis or the 
tendon of the tibialis posticus was attached to a myograph lever 
in the usual way; in like manner the lower tendon of the tibialis 
anticus or of the peroneus or occasionally the lower end of the calcaneo- 
astragalus was attached to a second lever in the myograph. The levers 
were of similar length and were set to write approximately in the same 
meridian of the recording cylinder, sometimes they were so set as to 
write in the same sense, sometimes in opposite senses’. The levers were 
so arranged that the muscles attached to them when at rest were under 
a stretch just sufficient to restore the muscles to the length they 
possessed when the ankle joint was semi-extended before section of the 
tendons. When the recording surface had been set in motion a reflex 
action was induced by touching the skin of the back or perineum, or 
by placing on the skin a square millimeter of blotting-paper moistened 
with acidulated water. Tracings were then obtained of the contrac- 
tions of the antagonistic muscles during their coordinated action. The 
records shewed that frequently the antagonistic muscles were during 
the greater part of the movement in contemporaneous activity, though 
not mutually active to equal extent in the various phases of the 
movement. The extent of their contraction varied from moment to 
moment both relatively and absolutely, indeed it was quite frequent for 
the movement to begin and especially frequent for it to end with 
isolated activity of one member only of the antagonistic pair (Figs. 2, 5 
and 11). It is obvious therefore that in these instances of coordinate 
movement the mutual behaviour of the antagonistic muscles did not 
answer to that occurring under competent excitation of any single 
ventral root. A comparison of the graphic records in the two cases 
merely renders the more obvious the profound difference existing 
between the two movements (cf. Figs. 2, 3, 5, 11, Pl. XXIII.) Not infre- 
quently in movements of small amplitude and short duration one set 
of the antagonistic pair is alone measurably thrown into contraction (Fig. 
9). Inasmuch as each nerve-root that supplies the one set innervates 
the antagonistic as well, it is here obvious that the coordinate natural 
movement is again widely and fundamentally different from any which 
could be stimulated by competent excitation of either spinal efferent root. 


1 Occasionally instead of a time marker, vibrating styles were used. 
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Frequently the observations discovered accurately alternating con- 
traction of the two sets of muscles acting on the joint (Figs. 5, 11, 
Pl. XXIII.), so that had the tarsus been still connected with the muscles 
an alternating flexion and extension of considerable amplitude and 
force would have resulted at the joint. Such movement one does 
not unfrequently see when in a frog tied to the frog plate but otherwise 


. untouched a piece of moistened paper is laid on the skin near the anus; 


one sees such movements also though not so frequently in frogs deprived 
of the cerebral hemispheres. I endeavoured to record such movements 
while all the muscular attachments were still left untouched (Fig. 4), 
by fastening to the myograph lever a thread passed round the intact 
tarso-metatarsus, and then after obtaining the record have proceeded at 
once to register from the separated tendons of the antagonistic group 
(Fig. 5). In that way one can sometimes obtain an approximate analysis 
of the previous forward and backward movements of the foot, and the 
analysis entirely supports the idea that the movement of the foot has 
been produced by alternating rather than by synchronous contraction 
of the antagonistic groups. Often the action of the two groups was 
strictly alternate to the degree that relaxation commenced in one set in 
the same fiftieth of a second as contraction was entered on by the other 
(Fig. 8). That for such alternating action neither of the only two 
ventral spinal roots which could possibly have been concerned, viii and 
ix, was actually employed as a whole, Le. as one functional entity, is 
clear because the roots contain fibres each of them for both sets 
of antagonistics. Throughout the continuance of these alterna- 
ting movements the records reveal (cf. Figs. 5, 11, Pl. XXIII.) no 
period in which the condition of the two groups corresponds 
with their reciprocal condition on excitation of the anterior 
spinal roots supplying the leg. That condition is strong action of 
both precrural and postcrural sets. In order to see the result of excitation 
of one entire ventral root when the excitation is somewhat more 
sustained than it is under the mechanical stimulation employed, in 
order to ensure freedom from escapé of stimulating current in such 
records as shewn in Fig. 3, and yet at the same time to be certain of 
confining the excitation to the one root alone I used strychnia after 
cutting all the ventral roots except the one desired. The graphic 
records shewed a very synchronous action of the two muscle groups 
quite different from the registers of reciprocal contractions reflexly 
produced (Fig. 7). In order to have a control to the possible degree to 
which any mechanical drag of one set of antagonistics might influence 
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the graphic record obtained from the other, although with the limb-bones 
firmly fastened any such source of error can scarcely arise, the antagonist 
records were taken sometimes both of them in one and the same direction 
and sometimes in reversed directions. I also took a few records of the 
contraction of muscles in the same group instead of in antagonistic 
groups, in the belief that if as one might suppose they acted synchron- 
ously, the degree to which that synchronicity was translated upon the 
double record would form a gauge to the degree of mechanical isolation 
of the two muscular records. Fig. 1, Pl. XXIII. shews a record of the 
synchronous action of the tibialis anticus and peroneus muscles under 
reflex excitation; both of the muscles are flexors of the ankle joint. 

Tn Macacus movements can be evoked from the hemispheral cortex 
which demonstrably employ certain only of the fibres of particular nerve- 
roots, and do not involve other fibres existing in the same nerve-roots. 
Thus in the commonly combined movements of flexion of hallux into the 
sole with extension of the other digits there are employed many of the 
fibres of the 8th, 7th and 6th roots but not, unless movement of the 
ankle be superinduced, the fibres for the post crural muscles, the peronei 
or the tibialis anticus in those roots. Yet in this movement both of the 
antagonistic groups are at the same time in play, for on section of the 
plantar nerves the flexion of the hallux is replaced by extension, or on 
section of the peroneal nerve, extension of the small toes is replaced by 
flexion of them. 

Not however in every instance is it possible to reverse the “cortical ” 
movement by section of the motor nerve to the preponderant muscle- 
group. When the movement of advance of the whole upper limb with 
extension at all its joints is evoked from the cortex, the effect of section 
of the musculospiral trunk in the axilla is as regards the elbow-joint to 
simply abolish the extension, not replacing it by flexion. In all of five 
experiments I have seen this the case. 


Example. Macac. rhes. P. 8. x11. 91. Chloroform and ether. 

1.35 p.m. The musculospiral, median, and ulnar trunks exposed in the 
right and left axille. 

1.47 „ Parts of “motor” cortex right and left exposed. 

2.13 „ Secondary coil at 13cm. Excitation of left hemisphere at a 
point a (about midway between sulc. centralis and the top bend 
of sulc. precentralis) is giving consistently advance of shoulder 
Sollowed by extension of elbow, then extension of wrist and digits. 
Excitation is repeated several times with the same result. 

PH. XIII. 47 
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2.20 p.m. Same stimulus elicits same reply from a as at 2.13. Then 
section of right musculospiral trunk. 

2.22 „ Same stimulus applied to point a evokes advance of shoulder 
followed after a pause by flexion of digits and the wrist: at 
elbow no active movement, neither flexion nor extension: the 
final flexion at the wrist seems to follow decidedly later than 
did extension of wrist in the sequence obtained prior to cutting 
the musculo-spiral. 

2.25 „ Same result as at 2.22. 

2.38 „ Similar movement as obtained at first from a got from a point 8 


in right hemisphere. 
2.46 ,, Left musculo-spiral cut with similar result on movement evoked 
from B. 


In the extension at the elbow produced by the stimulation of the 
cortex the extensors only of the antagonistic muscles were being em- 
ployed, but in the extension of the digits probably both extensors and 
flexors were together brought into play. The observation of Beevor' 
that in man flexion of the forearm is sometimes performed without the 
least detectable contraction of the brachial triceps, lends interest to the 
above result. 

There seems a difference between the larger and smaller joints of 
the limb in respe@t to associate action of their antagonistic muscles. 
Certainly in the case of the small joints of the foot and hand the move- 
ment produced by excitation of the cortex is most usually not merely 
cut out but reversed by section of the motor nerve to the preponderant 
of the antagonistic sets. This is illustrated by the following tabulated 
list of observations’. 


Effect of section of the 
peripheral nerve-trunk 
No. of | part moved Nature of Movement How evoked No. of 
Expts. abolitions| No. with 
without 
reversal 
7 pollex flexion with adduction stim. of “motor” cortex 0 7 
9 hallux flexion with adduction We | 2 7 
3 hallux extension with abduction ai 0 8 
6 | small toes | extension with separation 2 1 5 
8 fingers flexion ot 1 7 
12 hallux flexion with adduction | stim, of afferent spinal 10 2 (each time 
root pee per- 
ceptible) 


1 Brain, 1891, loc. cit. 
2 I hope shortly to publish a more extended series. 
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I have appended to the list the flexion with adduction of the hallux 
evoked from the sensory spinal nerve-root because although it to me 
seems indistinguishable by inspection from the corresponding movement 
evoked from the cortex, it appears different from the latter when 
examined by the above experiments. In the movement when produced 
from the cortex, both sets of the antagonistic pair usually participate ; 
when produced by weak excitation of the afferent sacral roots the 
extensors do not participate in it to nearly a like extent, i.e. one set 
only of the antagonistic pair is employed. 

It might perhaps be urged that this apparent difference between the 
antagonistic association of muscles about large joints and small indicates 
a functional character in the arrangement of nerve-fibres of the 
motor spinal root because it is consonant with the fact that the spatial 
separation in the cord between the outflows of motor fibres for 
the flexors and extensors of the small joints is greater than in the 
case of the large, of the digits for instance than of the knee and elbow. 
But it must be remembered that the joints of the digits are not merely 
the smallest, they are also the most distal in the limb, and the larger 
joints are also the more proximal. The greater overlap of the efferent 
fibres for the antagonistic muscles of the digits is related to the distal 
position of the digits. It is a necessary corollary from the constitution 
of the limb out of a series of rays which are of increasing length as 
counted from the foremost backwards. But to refer to this morpho- 
logical arrangement the fact that, under cortical excitation, the associa- 
tion between the antagonistic muscles of the digits is apparently closer 
than between those of, for instance, the elbow is obviously unwarrantable. 
That is to say, in the fact that several motor roots each yield extension 
at the knee with perfect passivity of its flexor muscles while it is 
questionable whether any can extend the digits with passivity of their 
flexors, there is no necessary implication that under cortical excitation 
it will be easier to isolate from one another the activities of the 
antagonistic muscles of the knee than of the hallux, of the elbow 
than of the thumb. The cortical difference is more probably related 
to the extreme fineness and nicety of adjustment of the movements 
performed by the small joints at the free end of the limb. 

The evidence thus obtained does not therefore afford support to the 
view that the collection of motor fibres in an anterior root represents a 
highly coordinated functional synergy. 

It may be objected that the isolated and alternating activity of 
antagonistic muscles in coordinated movement does not militate in the 
47—2 
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argument because it is exceptional rather than the rule. Without 
venturing to decide to what extent such mode of action is in the limbs 
exceptional, I must think it is certainly not exceptional in certain situa- 
tions, for instance in the intercostal spaces where Martin and Hartwell’ 
shewed that an alternating action of the internal and external inter- 
costals goes forward in the normal breathing of the dog. But both the 
internal and external intercostal muscle of the space receive their motor 
supply from the one same anterior root, namely that belonging to the 
space they occupy. 

In judging of the significance to be attached to the constitution of 
the motor root another line by which a criterion may possibly be reached 
lies in the gauging of the degree of mutual dependence or independence, 
in actions on the one hand undeniably coordinate and on the other 
hand due to direct stimulation of the motor root, of the long and short 
muscles of the digits. Among movements easily accessible to experi- 
ment those evoked by excitation of the cortex may be taken as irrefutably 
coordinate, and, somewhat less satisfactory perhaps, the above-described 
reflex flexion of the hallux into the sole obtained from excitation of an 
afferent sacral root. Of the latter movement I have already mentioned 
that by section of the plantar nerves behind the heel it is immediately 
and absolutely abolished, occasionally a scarcely perceptible movement 
of extension appearing in its place. Here then the contraction of the 
short flexor appears altogether unassociated with any contraction on the 
part of the long flexor. As to the flexion of the hallux given by cortical 
excitation I have in all of nine experiments on Rhesus found the move- 
ment completely abolished by section of the plantar nerves at the heel, 
so that in these cases the short flexors under cortical stimulation 
were acting absolutely independently ofthelong. After section of 
the plantar nerves it may be by no means easy to evoke from the cortex 
any flexion of the hallux. Readily excited from the cortex as are the 
short muscles of the hallux the long flexors seem by no means so readily 
brought into play. I mention this as bearing on the question of the 
mutual independence of the two sets in the performance of coordinated 
movements. To turn now to direct excitation of the motor spinal root ; 
when flexion of the hallux is produced by the 7th, also often by the 6th 
or 8th subthoracic roots, both short and long flexors* participate to- 
gether in the production of the flexion. And the type of flexion of 


1 This Journal, Vol. m1. p. 24. 
2 The plural is used because in Macacus the flex. long. digit. as well as the long. 
hallucis is an actual flexor of the hallux. 


11 
a 
1 
j 
U 
* 
1 
1 
174 
* 
7 
1 
151 
19 
11 


THE LUMBO-SACRAL PLEXUS. 729 


the hallux produced by cortical excitation is not appreciably altered by 
severance of the 8th or 9th subthoracic root. Here also therefore a 
difference in character divides the coordinated movement from the 
movement represented in the spinal root. 

The ontogeny of the brachial limb is of course distinct from that of 
the pelvic limb, the correspondence between the two is similarity not 
identity. It has been shewn for the pelvic limb that in many indi- 
viduals the most posterior portion of the outflow of efferent fibres from 
the cord to the skeletal muscles of the limb, i.e. that to the plantar 
muscles, extends backward into the ventral root of the 9th subthoracic 
nerve. That 9th root, the bindmost to the limb muscles, supplies of the 
intrinsic muscles of the limb almost always the plantar only. In the 
brachial limb just as in the pelvic the efferent outflow to the small 
muscles of the distal region of the limb, ie. to the palmar muscles, 
occupies the posterior end of the entire outflow of efferent fibres to the 
limb, extending into the 2nd thoracic root. In the case of the brachial 
limb however, not as in the pelvic, the hindmost motor root contains 
efferent fibres to the long flexor muscles of the digits as well as to the 
short. Therefore, in the arm the last motor root innervates the short 
and the long flexors of the digits together, in the leg the last motor 
root innervates the short flexors of the digits and never the long flexors. 
If each individual motor root is a construction synthesised by function 
and represents some “highly coordinated functional synergy,” then in 
the arm the functional association between the long and short flexor 
muscles of the digits is closer than between the corresponding muscles 
in the leg. But experimental analysis by cortical excitation affords no 
sort of confirmation for this inference; action of the short flexor of the 
pollex apart from action of the long flexor is just as, perhaps more, 
easily obtained than is the similarly isolated action of the short flexor 
of the hallux. On the other hand to the view of the constitution and 
significance of the motor root which I am advocating in this paper the 
above arrangement opposes no obstacle whatever; on that view a 
general, not a particular, resemblance is to be expected between the 
plexus-roots of the two limbs. 

Further, if the collection of efferent fibres in each root represents a 
well coordinated movement, depending on the action of a group of 
muscles in synergic combination, it might be expected that the combina- 
tion would as an individual entity be somewhat readily called into play 
reflexly through the central end of the afferent root of the same seg- 
mental nerve. This expectation is not borne out by experiment so far 
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as I have seen. On excitation of the central end of the afferent root, 
say that of the 8th subthoracic root, part only of the muscular region 
supplied by the ventral root is at first involved in the resulting reflex 
movement, and there is no accurate simulation of the movement given 
by equal excitation of all the fibres of the motor root, until much 
stronger stimuli are used than those which lie near minimal for the 
reflex irritability. Ultimately when at last the movement produced does 


appear to embrace all the muscular region supplied by the particular 


efferent root in question it is accompanied by other movements which 
evidence that other efferent roots than the one corresponding to the 
afferent root stimulated are in action either partially or completely. 
The following experiment affords example of this. 


Macacus rhesus, J. Ether and chloroform. January 27, 1891. Excita- 
tion of central end of afferent root of 9th left sub-thoracie nerve by rapid 
series of induced currents from the Du Bois inductorium. One pint 
Dan. in primary. 

11.10 a.m. Secondary coil at 45 cm. on the scale (current perceptible to 
tongue at 21 cm.), excitation gives slight pouting of lower half of 
anus. 

at 33 cm. pouting of anus more marked, root of tail is — 
to the left side slightly. 

at 30°5,, outer hamstring muscles contract as well as the 
above ; the foot is slightly everted. 

at 26 „ adduction and flexion of the hallux in addition to 
the above. 

at 22 „ of the digits as well. 

at 19 „ adduction of opposite thigh as well. 

(A very interesting point of repeated occurrence in experiments of which 
the above is an example is the high resistance evidenced as existent between 
right and left halves of the cord, and the fact that when the excitation is 
finally pushed sufficiently to cross the median line of the cord in this region 
it embouches thus early into mechanisms for the anus and the adductor 
muscles of the opposite thigh. Cf. supra p. 675.) 

11.30. Excitation with secondary at 44 cm.—35 cm. of central end of 8th 
sub-thoracic root gives flexion and adduction of hallux and no 
other movement in foot. 

11.33. Central end of 7th gives same as of 8th, secondary coil lying 
between 47 cm. and 38 cm. 

11.35. Central end of 6th root gives same as of 7th, secondary lying 
between 45 cm. and 34 cm. 

11.45. Minimal excitation of the anterior root of the 9th gives closure of anus 
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with adduction and flexion of hallux and minimus (secondary at 
76 m.). The anus, hallux, and minimus are more easily thrown 
into action than the three remaining digits, but the latter are 
included when secondary is pushed to 75 cm. 

11.47. In exciting the anterior root of the 8th, I am unable to find a 
pitch of excitation capable of isolating the movements of the anus, 
hallux and minimus from one another. By excitation of the 
central end of the posterior root it has been easy to obtain an 
isolated movement of the hallux. 

11.58. Excitation of central end of posterior root of 8th nerve of right side 

: gives a movement (flexion and adduction) of the hallux without 
other digits, when secondary coil ranges between 32 cm. and 
27 cm. 

12.6. Minimal excitation of distal end of a filament from middle of the 

anterior root of 8th right-hand nerve gives flexion of hallux and 


all digits (secondary at 51). 


It seems that it is not easy to evoke reflexly by excitation of the 
dorsal (afferent) root of a spinal nerve that combined movement which 
excitation of the ventral (efferent) root of the nerve readily evokes. 
That is to say, if the combined movement given by the ventral (motor) 
root does really represent a functional coordination it must nevertheless 
be admitted that the spinal mechanism connected with it, which should 
presumably lie not far distant from the root that is its instrument, is 
not of easy approach by the local channel of even its own afferent root. 

For this to be the case seems to indicate that studied from a func- 
tional aspect the spinal mechanisms subserving movements in a highly 
developed mammalian limb retain scarcely more than vestiges of the 
segmentation one supposes marked them in the early phases of the 
genetic history of the limb,—that in its development adaptation to new 
conditions increasing its complexity has diminished the individuality 
of the segments and welded them very thoroughly together. In 
regard to this point I have not obtained good experimental evidence 
that the reflex muscular mechanisms of the limb are separated from 
one another into more or less obviously segmental divisions, as one 
might expect did the efferent outflow from each segment of the cord in 
this region represent a functional coordinated synergic combination. 
There seemed in my experiments to be no demonstrable barrier to the 
passage of impulses from one segment into another; afferent impulses 
poured into one segment could evoke efferent impulses as easily from 
the adjacent segments as from the actual segment into which they were 
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themselves thrown. No resistance to nervous irradiation from one 

segment into the adjoining appeared in many cases to be demonstrable. 

For instance : 

Macacus rhesus, P. 5. iii, 91. 
4.32 7. u. Central end of dorsal root of 7th sub-thoracie nerve, gives on 
excitation with 2nd coil at 43 em., flexion of hallux. No con- 
traction of anus. 

4.34. Central end of dorsal root of 8th sub-thoracic nerve gives on 
excitation with coil at 39 cm. weak flexion of hallux. Slight 
contraction of anus. 

4.35. Ventral root of 7th nerve cut. | 

4.36. Central end of dorsal root of 7th gives flexion of hallux at 43°5 cm. 

without contraction of anus. 

4.38. Central end of 7th gives flexion of hallux at 44 em., without contrac- 
tion of anus. 

4.40. Central end of 8th gives flexion of hallux at 39°5 em., with con- 
traction of anus. 

This monkey was found by further excitations to possess a plexus 
of the post ted class, hence the reflex obtained from the central 
end of the dorsal root of the 7th must have been chiefly carried 
out through 8th and 9th after section of its own ventral root, and 
it was obtained as easily as when its own ventral root was intact. 


The solidarity of the essentially segmented cord must here be 
extraordinarily complete. 

On the other hand between the efferent fibres contained in 
one and the same spinal root there may intervene a relatively 
high nervous resistance. Between components of one and the same 
spinal segment a considerable physiological barrier may be interposed. 
I was much struck with this possibility during some experiments on the 
bladder. Although the 9th subthoracic nerve contains efferent fibres 
for the urinary bladder it is not easy to obtain a reflex effect upon that 
organ by excitation of the central end of the afferent division of the 
9th nerve root. Excitation of the afferent division of the root readily 
gives a reflex in the anal and limb musculature, but not until the 
excitation far exceeds the minimal for those reflexes is any effect upon 
the bladder obtained. By stimulation of the central end of even the 
whole sciatic trunk it is not easy to elicit reflex contraction in the 
bladder. The 4th lumbar root gives efferent fibres to the bladder, but 
electric currents applied to the afferent division of the root in order to 
produce reflex contraction require to be so strong as, in my hands at 
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least, to have left it uncertain whether the apparent reflex were not 
really referable to escape of current on to the efferent division of the 
root’. A great difference between the bladder and the anus exists in 
this respect. The bladder appears to be cut off from the skeletal limb 
muscles by a high intraspinal resistance; between the anal muscles 
and the limb muscles no such high barrier of resistance seems to be 

It is perhaps to be considered a resistance interposed between 
the skeletal and the visceral elements of the spinal segment. In 
regions other than the lumbar if a spinal root be selected the efferent 
division of which contains both fibres for skeletal muscle and sympa- 
thetic fibres, excitation of the proximal end of a branch of the somatic 
division readily calls into play the somatic efferent division, but not 
readily the visceral efferent division (sympathetic) Thus the 2nd 
thoracic spinal nerve of Macacus rhesus consists on the one hand of 
a sensori-motor somatic portion that divides into a sensori-motor branch 
to the limb and a sensori-motor branch to the 2nd intercostal space ; 
and on the other hand of an efferent sympathetic part that contains 
pupillo-dilator, pilo-motor, vaso-constrictor and other fibres. On ex- 
citing the central end of the branch to the 2nd intercostal space reflex 
movement in the hand is obtained by stimuli of moderate intensity 
(induced currents just perceptible to the tongue); yet no effect on 
the pupil or the hair is obtained even with stimuli of much greater 
intensity—unless the ansesthesia be incomplete, and then excitation of 
seemingly any afferent trunk in the body may cause dilatation of the 
pupil. It must be remembered however in interpreting this result that 
stimulating currents applied to the efferent sympathetic division itself 
(or the cervical sympathetic trunk) in order to be efficient have to 
be stronger than those which are obviously efficient when applied to 
the nerves of the limb muscles, But it does not follow that to excite 
sympathetic afferent nerves stronger currents are requisite than for 
other afferent nerves, such as the cutaneous; it is certain some efferent 
sympathetic nerves (¢.g. in the abdomen) are extremely easily excited. 
The converse of the above experiment, namely excitation of the central 
end of an afferent sympathetic branch of the spinal nerve is not easy 
to perform on the segment in question, because excitation of the 
central (lower) end of the cervical sympathetic has in my hands never 
yielded the slightest evidence of the existence in that trunk of any 
afferent fibres. But Dr Bradford informs me that in aso-motor 


A second paper will deal more fully with spinal vesical reflexes. 
* Cf. Budge and Waller, Compt. Rend. 1851. 
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experiments he finds a much greater effect upon the blood- pressure 


follow excitation of the whole afferent root than follows excitation of its 
‘somatic’ portion only, an observation which practically supplies the 
evidence which was wanting. 

An objection to the ‘synergetic’ theory of the formation of the 
motor root is that the view presupposes, or infers, that mere spatial 
juxtaposition possesses curiously high value in the spinal mechanism 
of coordination. Are the separate spinal and the bulbar elements of 
the respiratory centre less perfectly associated in function because in 
the nervous axis they are placed apart? Similarity of quality rather 
than proximity in space ensures the harmony of their reactions. 

Probably as clear evidence as any obtainable on the significance 
of the arrangement of the fibres of the motor roots of the limb-plexus 
would be obtainable from study of the peripheral distribution of the 
fibres composing the fellow afferent roots. If the arrangement and 
peripheral distribution of the fibres of the motor roots is based on 
functional coordination of action, not on morphological metamerism, 
then surely the same principle will pervade the peripheral distribution 
of the corresponding afferent roots as well. It is hardly possible to 
suppose that the distribution of the ventral root of the spinal nerve 
has been determined chiefly by physiological requirement, while the 
distribution of its dorsal (posterior) root has been determined by 
anatomical. I will not here attempt to enter upon any description of 
the peripheral distribution of the afferent roots of the limb as it is my 
purpose to devote a separate paper to that subject, but I will say 
that the results I have met with in experiments on the distribution 
of the posterior roots in Macacus agree in their broad features with 
those sketched in the posthumous papers left incomplete by Ttirck, 
who worked upon the Dog (1858). They disclose a metameric arrange- 
ment so absolutely anatomical, not functional, in significance as of 
itself to leave in my own mind no doubt as to morphological and 
metameric conditions being the true key to the muscular distribution 
of the efferent spinal roots as well. 

If existent functional association is urged as the reason of community 
of root-supply for two muscular fibres or for two points of sentient 
surface there seems to underlie the argument a tacit assumption that 
a greater nervous resistance would be interposed between the two fibres 
or points were they to be innervated by adjacent roots instead of by one 
and the same. This supposition, as mentioned already, appears to 
me to possess no very secure basis in fact. 
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More intimate association would be expected between the one 
side and the other side of the hollow of the sole or palm than 
between for instance one edge of the sole and the top of the shin, or 
between one edge of the sole and the back of the thigh, or one edge 
of the palm and the skin on the inner side of the olecranon. The outer 
and inner sides of the sole and palm are points of surface which must 
be associated together with innumerable frequency and must with 
innumerable frequency enter consciousness together as parts of a con- 
sentaneous field of contact. The same can not so well be said of two 
such points of surface as the sole and the front of the shin or the 
sole and the back of the ham, or the side of the palm and the back 
of the elbow. Yet one lumbar root supplies the inner region of the 
sole and not its outer region, another supplies the outer region of the 
sole and not its inner region; one brachial root is distributed to the 
ulnar side of the palm and not to the radial, another to the radial side of 
the palm and not to the ulnar. And on the other hand one and the 
same lumbar root (5th) supplies at once the skin of the inner part of 
the sole and of the front of the shin, another (7th) the outer part 
of the sole and the side of the back of the thigh, and one and the 
same brachial root the ulnar part of the palm and the skin at the side 
of the olecranon. Would existent functional association order the 
distribution of the fibres of an afferent root in these ways? And 
this arrangement difficult to meet by the hypothesis of existent func- 
tional association is of obvious history and meaning if it be taken as 
part of the metameric segmentation of the limb, the limb being conceived 
a group of fused rays, portions of the metamerically arranged segments 
of the body. 

Contrary to Panizza’s doctrine, revived and ably re-appointed by 
Remak and by Ferrier and Yeo, and followed since by Bert, 
Marcacci, and others“, I believe John Müller to have been right in 
attributing to the arrangement of the motor roots of the 
limb plexus an anatomical significance based on metamerism 
rather than a teleological dependent on supposed demands 
of functional coordination. 

It will be seen that a hope with which the experiments in this 
paper were commenced is therefore disappointed. By analysis of the 
complex of fibres constituting the motor root one does not necessarily 
arrive at analysis of the muscular combination habitually employed for 
some particular coordinate movement of the limb. 

Dr R. Russell's paper from Mr Horsley’s laboratory appeared since this was in type. 
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Section VI. 


THE GENERAL FEATURES OF DISTRIBUTION OF THE MOTOR NERVE- 
ROOTS TO THE MUSCULATURE OF THE LIMB. 


The above observations confirm therefore the facts first clearly stated 
by Eckhardt. Eckhardt wrote concerning the frog’s plexus, “A 
great number of muscles in the limb obtain nerve-fibres each of them 
from several nerve-roots. Most of the thigh muscles. almost always, 
some of the leg muscles frequently, are supplied by three, the latter 
more often by two nerve-roots“ In Rhesus there seems but one 
muscle of the lower limb that receives its nerve-supply from a single 
root, viz. the tensor vaginae femoris, from the 5th lumbar; and some- 
times one finds that muscle distinctly obtaining fibres from the 4th 
as well. 

When a muscle is supplied by three nerve- roots it is noticeable that 
the middle root of the three usually causes the most power- - 
ful contraction. This is well exemplified by the tibialis anticus 
and the 5th, 6th, and 7th roots. Many other examples could be cited 
illustrating the point, and it may be accepted as a general rule. The 
upper and lower limits of the region of outflow of motor fibres to some 
muscles are more abrupt than to others, eg. the lower end of the outflow 
to the precrural muscles is more abrupt than the lower end of the 
outflow to the intrinsic palmar muscles. If the “lift” in the isotonic 
myogram be taken as a rough measure of the amount of nerve supply 
from a given root, the relative quantity of innervation contributed to 
the tibialis anticus by each of the three above-mentioned motor roots in 
Macacus rhesus may be estimated. 


With a load of 50 grms. and a lever multiplying 10 times, excitation of — 
5th root gave 42 mm., of 6th root 65, of 7th root 60. In another individual 
upper half (approximately) of 5th root gave 12, lower half of 5th root 40, 
upper half (approximately) of 6th root 48, lower half 41, upper half (approxi- 
mately) of 7th root 45, lower half 19. 5 


In the lower limb one finds for each muscle the outflow of 
efferent fibres to it spread unbrokenly over a certain consider- 
able longitudinal region of the cord. I mention this because a 
different arrangement holds for the bladder and iris muscles, and because 
Peyer and Krause for the pronator radii teres of the rabbit found an 
outflow of fibres in the 7th cervical root, and in the Ist thoracic root but 
not in the intervening root of the 8th cervical nerve. This observation 
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appeared curious enough to demand repetition, and I have repeated it 
twice and found on each occasion that the pronator in the rabbit is no 
exception to the general rule because it may be innervated from the 
8th cervical as well as from the 7th, and the Ist thoracic. 

In the great majority of instances muscles innervated by the 
same nerve-root lie adjacent one to another, so that a con- 
tinuous sheet, or band, or ray of muscular tissue is supplied 
by the same nerve-root. Among the sacral nerve-roots an excep- 
tion to this rule for distribution is certainly met with not infrequently 
in the case of the lowest filaments of the 8th subthoracic root, or the 
entire 9th subthoracic root. These are then distributed to the sacro- 
coccygeal muscles on the one hand and on the other to intrinsic muscles 
of the sole, far distant from the sacro-coccygeal muscles. It must not 
be thought that this is merely a separation between the regions of 
distribution of the dorsal division of the nerve-trunk on the one hand 
and of the ventral division of the nerve-trunk on the other. When the 
dorsal division of the 9th nerve has been cut through, on exciting the 
anterior root a considerable portion of the sacro-coccygeal muscles still 
act, and the sphincter ani still acts, together with short muscles in the 
foot. Among the sensory roots a similar divided area of distribution 
was found for the 2nd and 3rd thoracic nerves of the dog by Tiirck. 
In the monkey I have not been able myself to confirm the existence 
of divided skin fields for the distribution of either of those nerves, on 
the contrary I find that each of them in Macacus possesses a continuous 
field of distribution. 

Forg ue and Lannegrace drawattention to the fact that the muscles 
of the outer aspect of the leg, the peronei are supplied by one root only, 
the 7th, and they relate the frequency of peroneal atrophy to this fact. 
Ferrier and Yeo say of the peronei that they are not thrown into 
contraction by the 7th root, but that they are by the 6th. In my own 
experiments the evidence has been clear that the peronei are supplied 
by both the 6th and 7th roots. They can be excited from the cortex 
through those roots. Excitation of the 6th root gives contraction 
especially of the peroneus longus, of the 7th root especially of the 
peroneus brevis. The 5th root also has on twelve occasions, when 
the plexus has been of the high type, supplied the peroneus longus. 
That the 5th root supplies the peroneus longus is shewn also by the fact 
that where two months previously the 6th, 7th, 9th and 10th roots 
have been divided, peroneus brevis was found atrophied and no con- 
traction of it could be obtained on excitation of the nerve belonging to 
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it, while the longus replied fairly well to excitation of its nerve, although 
it was somewhat atrophied as compared with the sound side. That the 
brevis receives fibres from the 7th root is clear from the fact that it 
replied well to excitation of its nerve when the 6th, 8th and 9th roots 
had been divided two months previously, although it was somewhat 
atrophied as compared with the muscle of the sound side. It must be 
mentioned however in the former experiment (section of 6th, 7th, 9th 
and 10th roots) that although from neither the nerve to the peroneus 
brevis nor from that muscle itself any reply except widely removed 
from the normal could be elicited by electrical stimulation, yet in the 
nerve itself a considerable number of intact nerve fibres existed, 
although the degeneration had run a two months’ course. (Intact 
large fibres in the nerve trunk close outside the muscle, 98, intact small 
fibres, 71; but the nerve fibres remaining in the nerve trunk were some 
quite large, some quite small and some of various sizes intermediate). 

Ferrier and Yeo found that the flewor longus hallucis was supplied 
from 6th and 7th subthoracic roots, the flexor longus digitorum from the 
7th root only. In my own experiments I have found in the postfixed 
type of plexus both muscles supplied from the 6th and 7th, occasionally 
slightly from 8th also; in the high type of plexus from the 6th and 
7th, and slightly from the 5th also. 

Forgue and Lannegrace make the 6th root supply both the 


_ psoas and the biceps. In my own experiments I have never observed 


the psoas and the biceps to be excitable through one and the same 
nerve-root. In other words I possess no evidence of an overlap of the 
outflows of fibres to these two muscles. The lowest point to which 
the outflow of the fibres for the psoas has ever descended in my 
experiments is about halt way down the region of the 5th root. The 
highest point to which the outflow for the biceps has ever ascended is 
about half way up the region of the 6th. 

It is curious to notice that the external head of the gastrocnemius 
seems to be innervated from a set of root-filaments lying more anterior 
than do those for the internal head. The outflow to the external head 
is represented less in the rootlets of the 8th than is the outflow to the 
internal head; in the rootlets of the 6th it is more abundant than is 
the outflow to the internal head. After division of the 6th and 7th 
roots it atrophies much more than does the internal head. After section 
of the 6th and 8th roots it does not suffer atrophy obviously more than 
the internal head, excitation of the muscular nerves to each giving a 
fairly good contraction. 
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The innervation of the inner head of the gastrocnemius appears to be 
extremely similar to that of the soleus. The external head has an 
out-flow which extends further forward (upward) than that of either the 
internal head or of the soleus. The plantaris receives less fibres from the 
5th than does the outer head of gastrocnemius, and approximates toward 
inner-head and soleus. The peronei judged from their root supply 
belong to the anterior rather than to the posterior musculature of 
the leg, although they are extensors of the ankle-joint. 

The accessorius of the foot appear to have a less share in the 9th root 
than does the adductor hallucis, when the 9th root supplies both these 
muscles. Of all the muscles in the limb the tensor vaginae femoris has 
seemed the only supplied by one nerve-root alone; in three experiments 
it was thrown into slight action by the 4th as well as into strong 
action by the 5th. 

The remarkable fact that the external or short saphenous nerve, a 
nerve described as purely sensory by all authorities withcut exception 
as far as I have found, does in Macacus rhesus contain motor fibres for 
the plantar muscles of all the pedal digits has been already mentioned. 
I have not yet fully analysed the root constitution of the branch. As 
regards afferent fibres it contains constituents from the 7th root more 
abundantly than from the 6th, from the 6th more abundantly than from 
the 8th (Ist sacral). It appears to contain motor fibres from the 7th 
and 8th and often 9th roots, so that whether the nerve-trunk to the 
plantar muscles descends in front of the mass of the great sural triceps 
or behind it the final connections of muscle-fibre and nerve-root remain 
the same whichever route is taken. Despite the extraordinary amount 
of individual variation already discussed above the connection between 
the position of the central starting-point (the nerve-roct) and the 
peripheral end-station (the muscle-fibre) is therefore for the same parts 
in the same individual definite and fixed enough. 

As regards the posterior limit of the region of outflow of 
motor-fibres to the skeletal muscles of the lower limb it will 
be seen that according to my own experiments the limit is reached at 
the same place in the rabbit, the cat, the dog, the Rhesus and the 
Bonnet monkey, namely, usually in the 9th, less frequently at the 
lowest edge of the 8th sub-thoracic root—a variation, the extreme 
limits of which lie about three millimeters apart on the surface of the 
cord. As to the relative frequency of occurrence of the postfiwed and 
prefimed types, that can in result of this variation be distinguished, in 
the rabbit and dog my experiments are not numerous enough to afford 
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basis for a conclusion; in the cat the extension into the 9th seems 
about equally common with its absence. In Macacus the two forms 
seem to be about equally frequent. In Rhesus I have noted 37 examples 
of the postfiwed plexus, 29 examples of the prefixed, in Bonnet 3 examples 
of the postfimed, and 5 examples of the prefiwed. It is of interest that 
in several instances the type of brachial and crural plexus was coinci- 
dently examined and ascertained in one and the same individual and 
four times a prefixed type of sacral plexus was found accompanying a 
postfixed type of brachial plexus, By far the most usual place for the 
posterior limit of the outflow of motor fibres to the fore-limb 
has been in my own experiments on the rabbit, rat, and macacque 
at the 2nd thoracic root, but not so in the cat and dog, in which 
animals the limit usually lies at the Ist thoracic. 

As to the downward limit of the motor outflow for the lower limb 
my experiments indicate that both Forgue and Lannegrace, and also 
Ferrier and Yeo, are right in the positions they assign to it; that is to 
say the limit may fall at the place given by each pair of observers, but 
it may be that in Macacus the limit found by Ferrier and Yeo is 
somewhat more usual than that found by Forgue and Lannegrace. 

As to the downward limit of the motor outflow for the upper limb 
the experiments completely confirm the limit set by Ferrier and Yeo 
in their later note when they placed it at the 2nd thoracic root; Forgue 
and Lannegrace err in placing it at the first thoracic. For the motor 
outflow to stop short so high must be, to judge by my own experience, 
a most rare occurrence. I have only met with one dubious instance in 
thirteen experiments. | 

I find, contrary to Peyer and Krause, that the 2nd thoracic in 
the rabbit gives motor fibres to the limb, especially to the muscles of 
the hand. In the rat also the 2nd thoracic root contributes to the 
brachial plexus, and gives, on excitation, flexion of the digits. In the 


cat and dog although not usually so, in the former animal I have once 


met with it. 

In the horse’, in the rabbit“, and in Macacus“, the 2nd thoracic gives 
a branch of insignificant size to the brachial plexus. Krause, who did 
not notice the existence of the branch until he had published experi- 
ments on the functions of the roots of the plexus, dismisses its physio- 
logical value as safely negligible. Had he examined it physiologically 
he would certainly have found that it ran down to the very apex of the 


1 Chauvean, 1854. 2 Krause, 1968. Brooks, 1888. 
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limb and supplied with motor-fibres the intrinsic muscles of the hand, 
with sensory fibres the inner aspect of the upper arm. + esc and 
Yeo shewed that in the monkey it supplies motor fibres to the interossei 
of the hand. In Macacus rhesus besides the above distribution I have 
in three individuals found it supplying the pronator quadratus and the 
flexor perforatus, and the ulnar part at least of the flexor perforans, in 
the fore-arm as well as the intrinsic muscles of the hand. As to skin, 
it usually, as I shall shew in dealing with the sensory roots of the limb 
in monkey, supplies the skin from below the axilla to far below the 
elbow. In the Bonnet in two individuals I have also found it supplying 
the flexor profundus, flexor sublimis and pronator quadratus as well as 
the muscles of the hand. 

J. D. Cunningham in 1877“ recorded the result of an examination 
of the constitution of the human brachial plexus in thirty-seven 
subjects. In twenty-seven of these he found the branch now under 
consideration passing into the plexus from the 2nd thoracic root, 
as well as the invariable branch from the Ist thoracic to the plexus. 
There can I think be little doubt that in man in a large number 
of individuals the 2nd thoracic nerve supplies motor fibres to the 
intrinsic flexors of the hand, and, perhaps less often, to the flexores 
digitorum and the pronator quadratus as well. That in man both the 
Ist and 2nd thoracic roots contribute largely to the motor innervation 
of the intrinsic muscles of the hand I cannot hesitate to believe, in 
spite of the fact that Herringham failed to trace fibres from those roots 
so far outward as the hand. It must be remembered that Herringham 
had the difficulty of treating the 8th cervical and Ist thoracic roots as a 
conjoined cord. It will be seen from the above that the branch from 
the second thoracic root to the brachial plexus is as regards its motor 
functions strikingly analogous to the branch from the second sacral to 
the great sciatic in dog, cat and Macaque. I have however never found 
the 9th sub-thoracic of Macacus (the 3rd sacral of man) supply a deep 
muscle of the leg, certainly not the flexor longus digitorum. 

As regards the lower limb Ferrier and Yeo conclude that in man 
the 2nd sacral root is the lowest which contributes motor fibres to the 
limb. They conclude so because in the monkey the Ist sacral root (of 
that animal) appeared to be the lowest root to do so, and the Ist sacral 
of the monkey is the same nerve as the 2nd sacral nerve of man. But 
Forgue and Lannegrace found the 2nd sacral of the monkey supply 


1 Journ. of Anat, and Physiol. xt. iii. p. 589. : 
PH, XIII. 48 
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the foot muscles, and my own experiments shew that although not 
always so it is so very frequently. 

It is curious however, that in spite of this difference in the experi- 
mental results of the two pairs of investigators, Forgue and Lanne- 
grace adopt the same nerve-root as do Ferrier and Yeo for the most 
posterior, which in man contributes to the muscles of the lower limb; 
they, like Ferrier and Yeo, arrive at the 2nd sacral root of man, but 
reach it by a different path of argument. Believing that in the monkey 
it is the 2nd sacral root they take the 2nd sacral of the monkey to be 
the same root as the 2nd sacral of man, an opinion in which they stand 
alone, and have in my opinion a large balance of good evidence against 
them. In view of my own experiments the probability amounts in my 
own thinking almost to certainty that in man the lower limit of the 
motor outflow to the intrinsic muscles of the foot and that is to say to 
the whole lower limb does often, though not always, extend into the 
3rd sacral root. 

It seemed desirable to learn with more exactitude to which one of 
all the several muscles of the limb those motor nerve-fibres belong that 
in their exit from the spinal cord are the most posterior of the whole 
series destined for the skeletal musculature of the limb. 

Although as already several times insisted upon in this paper the 
general scheme of distribution of the spinal roots to the limb muscula- 
ture reveals lines or rays composing the limb and passing from the 
attached base of it outwards along its length, previous experiments have 
shewn the somewhat surprising fact that the intrinsic muscles of the 
hand and foot are innervated from nerve-roots lower (more posterior) 
than those supplying any of the muscles of the forearm or the leg, and 
of the upper arm or thigh. This arrangement appeared so contrary 
to the arrangement which one finds holding good in the distribution of 
the afferent nerves to the skin of the limbs that I nn to examine 
with special care the facts affirming it. 

The question to attempt seemed this; the limb consisting of an 
attached base and three serial parts, a proximal, a middle and a distal, 
is there no muscle or piece of a muscle either in the proximal or in the 
middle part of the series which receives a motor supply from root 
filaments at least as posterior in their place of outflow from the spinal 
axis as those that supply the intrinsic muscles of the distal portion of 
the series? Or, stated according to the explanation of the construction 
of the limb to which I adhere, in the limb musculature is there no 
vestige of the proximal piece of the long hindmost ray, the distal part 
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of which is well preserved in the muscles at the free end of the 
member? Of the most proximal piece of the ray, that namely in the 
attached base of the limb there survives a muscular portion as part of 
the glutei. As to the rest? In Rhesus one finds that excitation of the 
lowest (most posterior) nerve-root entering the limb plexus evokes 
contraction of the intrinsic muscles of the distal segment, and in the 
case of the upper limb’ the pronator quadratus and also both long 
flexors of the fingers. In the case of the lower limb occasionally the 
soleus in a questionable (but in cat sometimes unquestionable) manner 
contracts. Is there no small part of these muscles which is demon- 
strably at least as posterior as the intrinsic muscles of the hand and 
foot? In Rhesus one had not long to wait for an opportunity of seeing 
that when what I have termed the postfiwed type of plexus is slightly 
departed from by an upward shift the only motor nerve-fibres in the 
outflow from the most posterior of the spinal segment supplying the 
limb muscles pass to the intrinsic muscles of the foot and hand, 
especially to the interossei and the short flexors. These muscles con- 
tracted, while neither by inspection, touch, nor the myograph could any 
contraction of any part of the exposed soleus or of the pronator or 
flexores longi digitorum be made out. 

In the same way in the cat individuals may be found in which 
excitation of the 9th sub-thoracic anterior root evokes no contraction of 
muscles in the limb, except in the distal segment where flexion of the 
proximal phalanges with extension of the distal phalanges is seen and 
persists on excitation of the root after division of all the structures at 
the ankle-joint excepting the posterior tibial nerve and blood vessels. 
The outflow of motor fibres to the intrinsic muscles of the distal 
segment of the limb does therefore as shewn by these cases extend 
further posterior than the outflow to any other muscle situated 
wholly within the limb. 

To which of the intrinsic muscles themselves does the motor root- 
filament pass which arises (as regards a superficial origin) lowest (most 
posterior) in the cord of all those going to the limb? 

A glance at the form of the well-developed mammalian limb suffices 
to awaken the idea that the pollex and the hallux belong to the anterior 
or preaxial edge of the appendage, and the fifth digit to the posterior 
or postaxial edge. This idea is suggested by numerous facts of which 
it is unnecessary to attempt a recapitulation here. The dissections of 
Herringham afforded striking exemplification of the degree to which 

1 Sherrington. Proc. Physiol. Soc., Feb. 13, 1892. 
48—2 


, * 
* 
* * 
* 
- 
2 
* 
5 
4 
A 
A 
* 
t 
* 
* 
+ 
2 
- & 
— 
“a 


744 o. S SHERRINGTON. 


careful examination of the parts can be made to reveal evidence of the 
mutual anterior and posterior, pre- axial and post-axial, relationships of 
the small individual parts comprised in even the distal segment itself. 
Experiments confirmatory of Herringham’s observations had shewn 
me that both in Rhesus and in Cat the cutaneous nerves display in a 
striking manner the preaxial and postaxial relationships of one digit to 
another’. But from the nerve supply of the muscular elements of the 
limb, I have sought almost in vain for evidence of a similar arrange- 
ment. I expected that in the hand and foot of the monkey such 
evidence might be well obtained because of the fine divisions of the 
musculature in them and because of the series of intrinsic muscles 
being in them arranged parallel with the axis of the limb and therefore 
ranging from the preaxial to the postaxial borders. In Macacus rhesus 
the movements of the foot, hallux, and digits are particularly free, more 
so than in the Bonnet and in many monkeys; there could not seem a 
better subject for analysis of the problem. Excitation of the 6th, the 
7th, the 8th or the 9th sub-thoracic roots each causes contraction of 
the intrinsic muscles of the foot. The upper three of these nerve- 
roots are very large and their component fibre-bundles, the rootlets of 
the root, spread like the ribs of a half-closed fan from their point of 
common investment by the dura to the line of their attachment to the 
spinal cord. The rootlets can easily be used for isolated excitation as in 
experiments described above. Will excitation of the most anterior 
filaments have a different effect upon the muscles of the foot than 
excitation of the most posterior ? 


Experiment. 13. iii. 1890. Rhesus Macacus. Strong female. A. C. x. 
mixture. Right side. At the ankle the following tendons divided; 7%. 
anticus, Eat. dig. et hall., Peronei, tendo Achillis, Flex. long. dig. et hall., Tib. 
posticus. The plantar nerves cut, the musculo-cutan. and anter. tibial nerves 
remaining. Left side tendons divided as on right. The anterior tibial nerve 
and the musculo-cutaneous nerves cut. The blood vessels not interfered with, 
nor the external and internal plantar nerves. The spinal cord is exposed at 
the level of the crests of ilia and above and below that level for a short 
distance. The dura mater is then slit at the roots of the ninth and eighth 
subthoracic nerves right and left, and the posterior roots of those nerves cut 
through near the ganglion, followed upward, and excised. The anterior roots 
of the nerves are exposed, consisting as usual of a considerable number of fine 
rootlets ; these can be even further subdivided by dissection but at the risk of 
damage to the nerve fibres. In the right 7th nerve ten natural bundles are 


1 Cf. also Langley on Sweat Nerves, this Journal, Vol. xu. p. 847. 
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taken, in the right 9th, 3 natural bundles; each of these is ligated close to 
its exit from the spinal cord, and has a length of about five centimeters; can 
be lifted well up in the wound. 

Time, 3.50. Stimulation with minimal efficient currents, the secondary 
coil is at 29 om. from the primary, the currents are just perceptible to the 
tongue when the secondary is at 16-6 cm. 

3.54. Highest filament of 7th root ; abduction and extension of hallux ; 
extension of all the digits; the movement of the minimal digit seems as 
sharp and evident as that of the hallux. 

3.57. 2nd filament: same effect. 4.8. 8th filament: same effect. 


3.58. 3rd 4.9. 9th 

3.59. 4th „ a 4.12. 10th same effect: no differ- 
4.1. 5th 1 1 ence between action of minimus 
4.3. 6th and hallux. 

4.4. 7th 


” ” 

4.15—4.21. The effect of the highest and lowest filaments of the 8th 
compared in their effect upon the hallux, and no difference discovered. The 
minimal current for movement of the hallux is with the secondary at 29 for 
the highest filament, with the secondary at 29-5 for the lowest filament. 

4.22—4.26. Compared as to effect on the minimal digit, the same 
numbers obtained as for the hallux. 4.28. No movement of the toes or 
hallux obtained from any of the three filaments of the 9th nerve. 

Left side; of the filaments of the anterior roots of the 7th and 8th 
sub-thoracic nerves, nine natural bundles taken, ligated and isolated in the 
same way as on the right side; the rootlets of the 9th taken as four filaments. 
Secondary coil at 29 cm. 

4.44, Highest filament of 7th gives adduction and flexion of hallux, 
with flexion of all the digits of minimus as much as of rest, and hollowing of 
the sole. 


4.47. 2nd filament: same effect. 4.54. 8th filament : same effect. 
4.48. 3rd 4.56. 9th 
4.48. Ath vd 5 4.58. Ist fil. of 9th 1 5 
4.53. 7th * 


5.2. The highest filament of the 8th is then compared for its effect on 
the hallux with the lowest of the 9th and no difference detected. Same 
result on comparing their action on the minimal digit. 

I had not anticipated that the experiment would yield the above 
result. It is however similar to three others made with the same 
object in view; the same result was yielded by all made. Two of 
the experiments included the anterior roots of the 7th and the 8th 
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in a series of 18 filaments examined. No experiments have been 
made in the cat and rabbit because of the lesser mutual independence 
of the digits in those forms. The above observations are however 
strengthened by similar on other nerve-roots, although not on roots so 
suitable for minute analysis of the functions of the root-filaments as 
are the 2nd and 3rd sacral. The highest and lowest rootlets of the 
6th lumbar have given several times when isolated and excited, an 
apparently identical effect. It would therefore appear that with certain 
limitations’ the stimulation of a rootlet of an anterior root gives the 
same qualitative results as does stimulation of the entire root; all the 
muscles which excitation of the entire root causes to contract, are made 
to contract also by excitation of any one of the rootlets into which the 
entire root is naturally subdivided. In other words the commingling 
of the motor fibres to various muscles is great even at their 
very exit from the cord, and each of the natural rootlets of 
the root consists of an aggregate of fibres often representing 
as far as the skeletal muscles are concerned all the groups of nerve- 
fibres contained in the entire root. “The individual bundles 
of the anterior root are in miniature the entire root itself and give 
results in quality broadly the same as does it, although not in quantity“. 
This commingling of different nerve-fibres at their very exit from the 
cord points to a probability of their sources of origin within the cord 
being also commingled in the transverse plane of the cord if not in 
the longitudinal. 

Although the commingling which thus occurs affects each constituent 
rootlet of the spinal root, and appears to make each filament to a great 
extent a miniature of the entire root itself, in certain segments of the 
cord the existence of marked individual differences in the functions and 
distribution of the root filaments are easily discoverable. 

In six of the experiments dealing with analysis of the filaments 
composing the anterior root of the sixth nerve the following results 
occurred. The series of filaments composing the root had been in each 
case parted into the small natural bundles. These may be numbered 
from above downwards, 1, 2, 3, 4, 5, 6. Im one case 6, 5, 4, and 3 
were found to give contraction of the intrinsic muscles of the foot, 
the flexors predominating in the action upon the digits, whereas bundles 
1 and 2 supplied no intrinsic muscle of the foot. In the other 6 and 5 
gave contraction of the intrinsics of the foot while 4, 3, 2 and 1 did not. 


1 Sherrington, Proc. Physiol. Soc. Feb. 1892, p. viii. 
* Sherrington, Proc. Physiol. Soc. loc. cit. 
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Each result was repeated many times on the occasion and precautions 
taken to avoid escape of current, the whole intradural length of the 
5th, 7th and 8th roots in each case being completely excised. Under 
all the precaution taken the same result recurred unfailingly on these 
two occasions. Very frequently the sixth anterior root contains no 
fibres to the intrinsic flexors of the foot, and the three exceptions above 
occurred in individuals in which the plexus was certainly not so low as 
in the typical conformation of the postfixed pattern. 

Again on two occasions in which the intrinsic flexors of the digits 
were not represented in the 9th anterior root, the 8th anterior root on 
being split into five filaments gave evidence that the short flexors were 
represented without the soleus and the gastrocnemius in the lowest 
filaments, but in the upper filaments the soleus and gastrocnemius 
as well were present. 

Again excitation of the two lowest (most posterior) of eight filaments 
into which a 6th anterior root had been separated gave extension of the 
ankle; while excitation of each of the remaining six gave flexion of the 
ankle. 

Again the higher (more anterior) filaments of the 7th will sometimes 
give a better action of the short extensor of the 2nd toe than do 
the most posterior filaments of the 7th. And the most posterior 
filaments of the 5th give a better extension of the hallux than the 
more anterior filaments of the 5th. 

Again on two occasions the motor outflow to the internal group of 
thigh muscles, supplied by the obturator nerve, has had its lower limit 
about one-third of the distance up the 5th lumbar rootlets, the root 
filaments below that point passing to the semimembranosus and the 
pretibial muscles, but not to the adductor group. 

In one experiment the extensor muscles of the thigh were repre- 
sented in the upper half of the rootlets of the 5th lumbar segment, 
but not in the rootlets of the lower half. 

The deep inner hamstring is frequently represented in the lower 
but not the upper half of the 5th lumbar segment. 

It is curious to note that the region of outflow of the efferent 
fibres to a group of muscles or the representation of a 
particular movement at a joint often ends not conterminously 
with the spinal segment but somewhere within the spinal 
segment either as it were overstepping or falling short of 
the anatomical limits of a segment. The representation then 
stops short not at the interval between two segments of the cord, 
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but midway within a segment of the cord. This fact may modify 
considerably our conception of the spinal root as a guide in studying 
the segmental arrangement of the limb, and on the other hand our 
conception of the morphological construction of the limb itself. The 
ankle and wrist, which seem at first sight natural boundaries marking 
the division between fundamentally distinct portions of the limb, are 
not regarded as such in the segments of the spinal cord. On the sensory 
side much evidence of a similar kind is obtainable, and I will reserve 
the point for discussion in a paper dealing with the sensory evidence. 

E. Remak! concluded that most muscles are represented in the 
cord by vertical tracts, so that as Gowers“ remarks the whole anterior 
grey matter at any one nerve segment contains cells that are concerned 
with different movements, The length of the region of outflow of motor 
fibres for certain primary movements in the lower limb of the species 
Rhesus may be thus tabulated, the table being formed by combining 
the results from various individuals. 


111109 676 5 4321 


: 
2 


It is clear that the region of outflow for movement at the hip 
is longer than that for movement of any other joint in the 
lower limb, especially than for that of the ankle. It runs through at 
least seven segments of the cord instead of four. But if each of the 
main movements of the joints be considered individually 
it is seen that the region of a in the spinal roots of 
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Macacus is as long in the case of the small joints of the toes, . 
such as the metatarso-phalangeal of the thumb, as it is for the hip 
or knee, or ankle. It is noticeable that with all the joints mentioned 
the region of outflow for any individual main movement extends into 
at least three segments of the cord. The long region of outflow for 
movement at the hip is due to the flexion outflow being more separated 
from the extension outflow in the case of the hip than in the case of the 
other joints, especially than in the case of the joints of the digits. One 
might express the difference by saying that the spinal nuclei for flexion 
of the hip and for extension of the hip overlap each other very slightly, 
but that the nuclei for flexion and extension of the digits overlap each 
other very largely. 

This fact is merely the physiological side of an anatomical disposi- 
tion of the musculature limb which has considerable morphological 
significance. In the proximal portion of the limb (the thigh) the nerve- 
roots supplying the musculature are not common to muscle-groups both 
of the anterior and posterior aspects of the limb. But the nerve-roots 
entering the foot and leg each supply muscles both on the posterior and 
anterior aspects, more markedly so in the foot than in the leg. In the 
foot the dorsum is distinctly segmentally anterior to the sole; and there 
the rule is broken (and the same may be said of the hand) by the 
lowest root which enters the foot or hand frequently supplying the 
musculature on one aspect only, that aspect always being posterior, the 
plantar or palmar—unless by some straining of anatomical principle the 
dorsal interossei may be considered to belong not to the plantar but to 
the dorsal side. 

The representation in the spinal roots of the opposite movements 
at the limb-joints is an overlapping one, and as above mentioned the 
overlap is greatest for the distal joints of the limb. In the case of the 
phalangeal joints the overlap is so considerable that the action of the 
more powerful set of muscles (the flexors) in some individuals com- 
pletely overcomes the less powerful extensors in the movement given 
by each one of the several entire roots distributed to the muscles of the 
joint. In these cases there is no spinal root which on excitation gives 
extension of the digits, but there are four which each of them yield 
flexion. 

Of the opposed movements of joints the one directed 
toward the anterior aspect of the limb has always a spinal 
representation more anterior in the spinal nerve-roots than is 
the representation of its fellow movement of opposite direction. 
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In estimating the position of any limb-muscle from the point of 
view of its supply of efferent fibres from spinal roots, it is the situation 
in the limb of the fleshy part of the muscle that will be found 
a guide to the nerve-roots likely to innervate it. The tendons 
of anatomical “attachment” of the muscle appear in this relation to be 
of little importance. What may be the exact part moved by the muscle, 
or what may be the joint at which movement is produced by the 
muscle, appear not to materially enter into the question. When for 
instance experimental excitation is applied to the ventral roots of the 
lumbo-sacral nerves in successive order from below upward, the successive 
excitations are found to evoke from the hallux in their ascent along 
the cord at first, that is, from the lower segments, the characteristic 
flexion at proximal joint (with adduction) this movement on exciting 
higher segments gives way to a movement still nearer the extremity 
of the limb, namely, to flexion of the extreme tip of the digit. 
The long flexor of the hallux is inserted into the terminal phalanx 
of the hallux, the short flexor into the proximal; flexion at the terminal 
joint is the movement characteristic of the action of the long flexor, 
flexion at the proximal joint is the movement characteristic of the short 
flexor. Inasmuch as the musculature becomes myomerically more 
posterior as we pass down the limb from the attached base to the free 
apex of it we might have supposed that motor fibres for flexion at 
the terminal joint of the digit would in the spinal cord lie posterior 
to those for flexion of the proximal joint. But the reverse is the case. 
The muscular fibres which flex the terminal joint are innervated from 
a point of the cord anterior to that which innervates the muscular. 
fibres for flexion of the proximal joint, because the former mass of 
muscle fibres is situated nearer the attached base of the limb than is 
the latter mass. Of the two movements that which would from its 
character (direction, joint affected, &c.) claim to be the more posterior 
is found in reality to be the less posterior, in accord with the situation 
in the limb-musculature of the fleshy belly concerned. This circum- 
stance seems to argue with some force the probable correctness of the 
view advocated in the present paper, viz. that the arrangement of the 
limb plexus rests on a basis of anatomical rather than of functional 
nature, the key to it therefore is to be sought rather by consideration 
of anatomical facts than by conjecture as to the functional moment of 
individual muscles. We must consider the limb to be an organ of 
segmental structure, and that, plastic like the rest of the body, it has 
been moulded by variation and by function, but not so rudely as to 
seriously obscure its segmental plan. 
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In judging of the question whether a muscle when supplied by 
several nerve-roots is supplied by them in such a way that one piece of 
the muscle is supplied by one root, another by another, there is 
certainly great interlapping of regions belonging to the individual roots, 
but I would not go so far as to say with Forgue and Lannegrace, 
“ Excitation of a spinal root determines in the muscles which it supplies 
a total, not a partial contraction. The tributary fibres of the root are 
disseminated through the muscle supplied by it and not ‘cantonnée’ 
in a special zone of it.” In the small muscles of the foot and hand their 
appearance during contraction certainly completely countenances that 
view; the view can however I take it only be securely asserted after 
a lengthy series of degeneration experiments has been carried out. On 
the other hand simple inspection is enough to convince one that in 
the case of some of the larger muscles, e. g. in thigh and spinal regions, 
the nerve supply from the different roots is distinctly “cantonnée ;” 
a district of the muscle will belong to this root, another district to 
that root, it always being remembered that the limits of the districts 
have a large mutual overlap. Thus a thigh muscle often seems to have 
when thrown into contraction by excitation of the spinal roots sup- 
plying it two or three separate foci of contraction, one for each spinal 
root, centres at which the contraction is first detected as excitation of 
the root is produced by gradually passing from subminimal to minimal 
stimuli, centres at which the contraction is most powerful when fully 
efficient stimuli are used. Striking examples of this phenomenon are 
yielded by the sartorius muscle and the 3rd and 4th lumbar roots. 
Minimal excitation of a filament of the 3rd root will give contraction 
limited to the upper part of the sartorius. Minimal excitation of a 
filament low down in the 4th root will give contraction limited to the 
lower part of the sartorius. So also in the biceps, minimal excitation 
of the 8th root gives contraction limited to the more superficial part of 
the muscle; minimal excitation of the 6th root gives contraction 
limited to the deeper part of the muscle. In the superior sacrococcy- 
geus of the cat minimal excitation of the 7th root gives contraction of a 
zone of the muscle distinctly different from and nearer the head than 
the zone of contraction producible through the 8th root; and the zone 
belonging to the 8th root lies further headward than the zone belonging 
to the 9th. In the same way the psoas is innervated in a series of 
overlapping zones arranged i in a fore-and-aft series along the longitudinal 
axis of the body, in the same way also the oblique and transverse 
muscles of the abdominal wall. The way in which at least certain 
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muscles are innervated more or less in root-districts is shewn by the 
atrophies following root degeneration produced by section of the spinal 
roots. In an experiment in which the 6th, 7th, 9th, and 10th sub- 
thoracic roots of Macacus were divided on the right side, the pyriformis 
muscle on that side was found three months later to be so atrophied 
that the sciatic and pudic trunks, &. lay bare to view from the pelvic 
aspect, a slip only, namely, the most mesial portion, arising from the 
first piece of the sacrum remained comparatively sound—the portion 
from the 7th lumbar completely wasted. 

On the other hand in the muscles of the sole it is difficult to detect 
more than dubious hints of such an arrangement. Minimal excitation 
of the filaments of the 9th root produces localised contractions of certain 
plantar muscles, especially of hallux, index, and minimus, which are 
often indistinguishable from similar contractions following minimal 
excitation of the filaments of the 8th and the 7th roots. In my 
experiments flexion of the hallux has been the most usual result of 
minimal excitation of any of these three roots, next in frequency has 
been slight flexion of the minimus, next of the index, but on one 
occasion slight flexion of the 3rd and 4th digits together was much more 
easily obtained than even flexion of the hallux. The flexion of the 
hallux is usually accompanied by slight adduction and opposition. Of 
the existence of separate root-districts in any one of the intrinsic 
plantar muscles therefore I have not been able to get good evidence. 
On six occasions I have left only the lumbricales and interossei and 
the adductor hallucis in connection with the spinal roots, eliminating 
in that way the action of the short flexors, &c. and each root that 
supplied one supplied all of these thirteen small muscles, and all in 
just about equal degree, e.g. the Ist lumbrical about as much as the 
4th. Indeed when the musculature of the plantar region is taken as a 
whole the best evidence of separate root-districts at all existing in it is 
to be obtained from the abductor hallucis and short flexor digitorum, 
which in some individuals are thrown into contraction by the most 
posterior filaments of the 6th lumbar, without the lumbricales or 
interossei contracting. 

Ih would conclude therefore that there is much greater over- 
lapping and intermingling of the root-districts in the muscles 
of the foot than in those of the thigh, and that in the furmer case 
the intermingling is so great as to warrant Forgue and Lannegrace’s 
conclusion above quoted, but that their conclusion is not applicable 
to the larger and proximal muscles of the limb. To this point I 
shall return in a succeeding paper. 
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As to the question whether or no when a muscle receives nerve- 
fibres from more than one spinal motor root two of the nerve-roots, each 
of them, may supply fibres to one and the same muscle fibre, observations 
by Kühne, Krause, Eckhardt and others failed to give evidence of the 
multiple supply. It is true that observations on the point have 
generally proceeded along the lines of microscopical search, and the 
finding of many fibres that are not doubly supplied does not exclude 
the possibility of the existence of some that are. Yet my own experi- 
ments on the roots to the gastrocnemius and tibialis posticus, referred to 
above, seem to shew that if any fibres with multi-radical supply exist in 
those muscles they must be very few indeed. The seat of peripheral 
fatigue lies somewhere in the neuro-muscular content of the tubule of 
sarcolemmal membrane which encloses and isolates each individual 
muscle-fibre. If then in any muscular tubule a condition of fatigue has 
been produced by repeated excitation of it through a particular nerve- 
root, and if embouching into the same tubule there exists another 
conductor from a second nerve-root it would be expected that on closely 
subsequent excitation of this second root the contraction elicited would 
bear the characters of fatigue. But as shewn in the experiments (Fig. 
9, Pl. XXIII) the myogram given by them may when the circulation 
is still to some extent intact, be deformed to a slight degree only by 
the fatigue set up through the other root, and this slight deformation 
may well be referable to mere soakage of fatigue substances from the 
tired part of the muscle into the adjacent untired part. 


Variation. 


Excitation of the same spinal nerve-root does not always 
produce the same movement even in individuals of the same 
species, sex and approximate age. For instance in Rhesus, 
excitation of the 6th root produces in most individuals flexion at the 
knee, but produces in a few individuals extension at the knee. When 
one motor spinal root of the limb plexus has been isolated by section 
of the adjacent ones the paralysis is, as already mentioned earlier, 
not always the same for the same root in different individuals tested 
under experimentally similar conditions. Frequently in analysing the 
distribution of the component filaments of a root by excitation it is 
found that in different individuals filaments which correspond one with 
another in absolute position do not correspond in function. 

These are but examples confirming and illustrating the statement of 
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Eckhardt! for the frog, that in the root-supply of the limb muscles 
“there is a good deal of individual variation, and that when a 
nerve-root is unusually thick, the additional fibres in it are not all, 
perhaps none, employed in supplying the usual muscles with more 
fibres, but supply more muscles than the usual ones“ The 9th sub- 
thoracic anterior nerve-root sometimes contains fibres to the muscles of 
the foot; and sometimes it does not. No trace of contraction of the 
muscles of the foot or leg could be elicited by excitation of the nerve- 
root, even when quite strong currents were used, and although 
movement of the tail and anus with depression of the perineum was 
produced by currents of very weak strength. It was noticed in those 
cases in which excitation of the 9th root did not give contraction of 
any muscles of the leg or foot, that excitations of the 5th, which 
usually give feeble extension of the hallux, sometimes gave good flexion 
of the toes, especially of the hallux. In these cases it was seen that 
the closure of the anus produced by excitation of the 9th root, which 
is usually very vigorous, was not so vigorous as usual; and that on 
the other hand there was more movement in the perineum than is 
usually the case on excitation of the 7th. In the frog, cat, monkey, &c. 
an inconstancy exists as to the segmental level of exit from the cord of 
the motor fibres for the limb muscles and others, and the incon- 
stancy affects not one root of the plexus at a time but a number of 
them, so that if the outflow of the fibres, for instance for the long flexor 
of the hallux, extends into a nerve-root lower than it usually does, 
the upper limit of the outflow to that muscle will not extend into 
a nerve-root so high as that which it reaches usually. 

This may mean that the motor nucleus of the long flexor of the toes 
is itself lying farther down, farther posterior in the cord, than its usual 
position, or it may merely mean that the efferent fibres from that 
nucleus descend in a longer intraspinal course than usual before they 
escape and become extraspinal in the root bundles. 

To this point I have already alluded, but one induction from the 
facts is clear, namely, that the region of outflow of the fibres to the 
particular muscle although altered in relative position with regard to 
the nerve-roots is not altered in its relative length but remains of its 
own relative length. And this probably is true also of the motor 
itucleus itself. 

From the above it is also clear for the motor mechanism of this part 
of the cord that generally if the region of outflow to one muscle lie 
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higher than usual, the regions of outflow to other muscles lie also higher 
than usual, and vice versa. In example of this when excitation of the 
6th root gives extension of the knee, the 9th root contains motor fibres 
to the foot muscles. When the outflow for the intrinsic muscles of the 
foot is placed higher than usual, the outflow for the extensors of the 
knee lies also higher than usual, and the outflow for the flexors of the 
knee also higher than usual. 

This applies not only to muscles which are near to one another in 
place and kind but to muscles widely apart and widely different, e.g. 
when the outflow for the intrinsic muscles of the foot is high so is it 
also for the sphincter of the anus. 

The shifting up or down of the region of outflow along a certain 
length of the cord appears to apply usually to all the efferent motor 
fibres of that length, that is to say, they all share in the displacement 
and about equally; in other words, although each is displaced absolutely, 
it is not displaced relatively to its neighbours. 

It seemed desirable to see whether this rule held good for efferent 
outflows of so different a nature as those to the muscular coat of the 
bladder and the fine muscles of the digits. 

Contractions of the bladder were therefore registered in two experi- 
ments in which the ninth nerve was found to contain no flexors for the 
toes or foot, and the results obtained in each when compared with 
others previously obtained (vide supra p. 678) shewed that where the 
region of outflow for the foot muscles was higher than usual the region 
of outflow of the efferent nerves for the bladder was also higher, ie. 
strong in 8th root, weak in 10th root. The regions of outflow for the 
skeletal and visceral efferents were therefore in these cases both 
displaced together in the same direction and as far as one could judge 
to about the same extent. 

For what amount of longitudinal extent of the cord the above 
general rule may hold good is deducible from the following observations. 

In the arm just as in the leg there seems a preficed type as well 
as a postfixed type of plexal innervation. When the innervation of the 
leg is of the high type, will the innervation of the arm be also of that 
type? | 

In nine experiments this point of relationship was examined. In 
two of the experiments the outflow of the motor fibres for the leg in the 
lumbo-sacral nerve-roots was of the more usual postfixed type (e.g. the 
9th supplied the short flexors of the digits), in each of these two cases 
the 2nd thoracic root contained motor fibres for the long and short 
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flexors of the fingers. Seven of the experiments were made when 
the outflow of the motor fibres for the leg was of the prefimed ty pe 
(e.g. the 9th did not supply any muscle of the leg or foot). In three of 
these seven cases the 2nd thoracic contained the usual motor fibres to 
the intrinsic palmar muscles of the hand, in four excitation of the 2nd 
thoracic root gave besides flexion of the digits and pollex with adduction 
of the latter, a pronation and flexion of the wrist much more marked 
than is usual. The flexion of the digits and wrist persisted without 
obvious impairment after the ulnar nerve had been divided at the wrist, 
and in one instance in a partial way after the ulnar had been divided at 
the level of the olecranon process. In two specimens the flexor sublimis 
was thrown into strong contraction as well as was the deep flexor. In 
these cases the 2nd thoracic root sent in greater extent than usual 
motor fibres to the long flexors of the fingers, and the type of innervation 
was markedly low for the arm in an individual in which the type of 
innervation of the leg was exceptionally high. I examined by dissection 
the brachial and lumbo-sacral plexuses of ten Rhesus. In the specimens 
4, 5, and 10 both plexuses were also tested physiologically and the 
lumbo-sacral found to be of the high type, and the brachial of the low 
type. 

From the table it seems that the constitution of the lumbo-sacral 
plexus may be very different in individuals which do not exhibit obvious 
anatomical differences between the constitution of their brachial 
plexuses. In the cat and dog the brachial plexus is almost always of a 
kind that would in rat, rabbit and macaque be prefixed, that is, the 2nd 
thoracic root does not enter into it. Yet the sciatic plexus of the cat is 
sometimes of the postfixed, sometimes of the prefixed class, that is some- 
times the 9th subthoracic root enters into it, sometimes it does not. The 
shiftings forward or backward in the brachial and pelvic regions appear 
independent one of another. 

Again, as has been described in a special section of this paper, the 
knee-jerk is usually mainly dependent on the integrity of the root of the 
5th lumbar-nerve, occasionally however it is as largely dependent on the 
4th as on the 5th; in one instance of this kind on investigation the 
muscles of the foot were found not represented as low as the 9th root, 
only extending into the 8th. The representation of the extensors of 
the knee was extremely high, the representation of the short flexors of 
the digits unusually high in one and the same individual. 

Without attempting to draw wide conclusions from experiments that 
should perhaps be much more numerous to securely warrant them, I 
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1 would nevertheless point out here certain facts met with in the variation 
| | of nerve-root constitution, and of limb-plexus construction. 

o | As already said, the constitution of the nerve-roots in each of the 
species examined, Frog (R. temporaria), Rabbit, Cat, Macacus Rhesus, 
3 and Macacus (Bonnet), individual variation is so extremely frequent 
| | within a certain narrow range that it is difficult to say within that range 
1 what type predominates. The range allows of a displacement of origin 

of a root-filament sufficient to remove it from the upper to the lower 

| half of the same root, or from the lower half of one nerve-root into the 

| upper half of the next below. This range of oscillation is about the 

| same in each of the species examined, and it is not greater or less in 
| 1 Macacus than in cat or rabbit. It is revealed by dissections as it is by 
| | physiological experiments, and, to judge by dissection, is present in man 
F, just as in Macacus and cat. By the displacement not one root-filament 
| alone, nor all the filaments of one root alone, but all the root-filaments 
i of several adjacent roots are affected together and in the same sense. 
| @ But this is true only of one, usually considerable, region of the cord. In 
| 


1 the lumbo-sacral region all the roots may be displaced downwards to an 
3 extreme degree and yet the brachial roots not be displaced, or the latter 
) may be displaced upward. It is evident that this shifting amounting 
. to about half the origin of a nerve-root is not, however else it may be 
explained, explicable by suppression or duplication of a root or a somite. 
The suppression of a root is perhaps not infrequent in the lumbar region 


| of Macacus. One individual examined possessed six lumbar roots instead 
ö of seven, and six lumbar vertebræ instead of seven. But this suppres- 
sion is relatively to the shift from postfixed to prefixed quite infrequent. 
ia Moreover suppression means condensation of the length of spinal origin ; 
| 7 but in a preſiaed plexus the length of spinal origin of the muscle-nerves 
if is not necessarily less than in a postfiwed plexus, | 

_ In none of the species used in my experiments have I found the 
1 extreme limits of individual variation involve so much as the whole 
| length of a nerve-root as measured by the larger nerve-roots. Thus the 
N upper limit for the intrinsic plantar muscles oscillates from the top of 
| the 7th root to somewhat more than half-way up the 6th: the outflow 


1 for the soleus oscillates from the bottom of the 8th root to somewhat 
| @ more than half-way up it. The pronator quadratus from a third of the 
| | way up the 2nd thoracic root to as high as the lower border of the Ist 
1 thoracic. And with regard to thé nature of the variation the induction 
a made by Herringham! that although any given fibre may alter its 
@ 1 Proc. Roy. Soe., loc, cit. 
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position relative to the vertebral column it will maintain its position 
relative to other fibres has always held true. A slight restriction in 
this law, viz. the restriction of its application to the region of one 
plexus, does it is true appear needful, because with upward shifting of 
the lumbo-sacral plexus there may coexist, as I have shewn, no shifting, 
or even a downward shifting of the brachial plexus. So that the relative 
position of the fibres of the two plexuses taken together does not remain 
exactly the same as before. 

When the upper limit of the outflow of motor fibres to the intrinsic 
plantar muscles does not extend into the 6th root at all, the lower limit 
of outflow is in the 9th root. It is easy with care to divide the 9th 
root into three bundles in axial series, but the lower origin of the fibres 
for the plantar intrinsics, if in the 9th at all, extended into the third 
filament in three experiments in which I split the nerve thus. That is 
to say, the amount of shifting which lifts or depresses the limit of a 
region of outflow through a fraction of a large root with a long region of 
spinal origin suffices in the same individual to move the lower limit 
through an entire nerve-root which has a short region of spinal origin. 
This looks as if the whole region of outflow for a muscle were shifted 
bodily a certain distance, for instance, a couple of millimeters, irrespec- 
tive of nerve-roots. The region of surface origin of the 6th root 
measures 8 mm. in a large Rhesus, the region of surface origin of the 
9th measures barely 3 mm. If then the upper limit of origin of the 
outflow for a muscle move through the same distance as the lower limit 
of its origin, one limit may be shifted through a small fraction of the 
region of origin of a large root, while at the same time the other limit 
may be shifted through a large fraction of the region of origin of a small 
root down in the conus medullaris. This seems to point to the minor 
variations so constantly affecting the composition of the nerve-roots not 
being phenomena of the same class as the alterations less frequently 
occurring in the actual number of the nerve-roots of a region, where 
suppression or addition of a root has taken place. 

The suppression or duplication of a spinal root which goes with 
suppression or duplication in the vertebra sometimes bridges over the 
normal difference between species and species, but sometimes it does 
not. It might be thought, as the lumbocrural roots of Macacus differ 
from those of dog merely in their being reduced in number by one root, 
and would if themselves reduced by one resemble those of man, that 
the three types formed a consecutive series, and that when as a variety in 
Macacus the lumbocrural roots were reduced to the number typical in 
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man, the root- composition of the plexus would resemble that of man, 
as it would do were the suppressed root one of the upper two. Yet in 
one of the above specimens of the variation such was not the fact, as 
may be seen from the figure given. The plexus resembled in its 
upper part a normal one of the prefixed class; the anterior crural came 
from the 4th, 5th, and 3rd roots, the fourth contributing a larger 
bulk to the crural than did the 5th; the external cutaneous came from 
the 3rd and 4th ; the sciatic received a good branch from the 5th. But 
the sciatic had only 3 roots instead of four; the lowest lumbar root 
seemed to represent the two lowest lumbar of the usual arrangement. 
The physiological examination of this plexus made of course previous to 
the anatomical yielded results only explicable on that view. Thus for 
instance the Flexor longus hallucis was thrown into contraction by the 
lowest two lumbar roots only (in this case the 5th and 6th subthoracic), 
and chiefly by the lower of the two. The soleus was thrown into action 
by the lowest lumbar and the highest sacral roots, only, namely, by two 
roots only, and these in this specimen the 6th and 7th subthoracic. 
The semimembranosus was also innervated by two roots only, the 6th 
and 7th subthoracic. The intrinsic flexors of the digits were supplied 
by the same two roots only. The 8th subthoracic of this case did not 
innervate the limb muscles at all, but it caused contraction of the anus, 
and, as judged by inspection, unmistakable contraction of the urinary 
bladder. 

It must be admitted however that the variability in the anatomical 
and physiological composition of the spinal nerve-roots is not described 
by some authorities (Remak, Ferrier and Yeo, Bert and Marcacci, 
Knie) and has by some been denied*. Krause says of the abnormali- 
ties of limb nerves that they affect only the course of the fibres from 
the centres to the periphery, the terminations themselves, central and 
peripheral, remaining invariable. Henle also wrote, “It is precisely 
with regard to the central and peripheral points which any nerve-fibre 
connects together that the greatest constancy (Beständigkeit) exists. 
But between its end points it can move with greater freedom and take 
this route or that—in view of which fact becomes clear the significance 
or rather insignificance of nerve-variations.” But is the variation in 
the peripheral nerve-trunks, frequent though it be, more frequent than 
or so frequent as the variation in the spinal roots entering those 
trunks ? 


1 Apparently by Dr R. Russell (Prof. Horsley’s laboratory) in the Proceed. of 25 
Roy. Soc. March, 1892, appearing when this was in the press. 
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The variation in the root- composition of the nerve-trunks of the 
plexus does not seem to entail at all, or to be at all associated with, 
difference in the behaviour of the nerve-trunk when once composed: I 
have made dissections for comparison of the distribution of the anterior 
crural nerve when arising from a low plexus and when arising from a 
high plexus; I fail to discover any obvious difference in the distribution 
of the nerve in the two cases. I have dissected the obturator, the ante- 
rior tibial, the posterior tibial and the musculo-cutaneous nerves in the 
same way from high and low plexuses, and have failed to discover obvious 
differences between them. An anterior crural nerve-trunk formed 
chiefly from the 5th subthoracic spinal root with a subsidiary contri- 
bution from the 4th and a fine filament from the 6th, exhibited to dis- 
section a distribution quite similar to that of an anterior crural composed 
mainly from the 4th root with subsidiary contributions from the 5th and 
3rd. It would seem that the plexus trunks are more stable anatomical 
entities than are the nerve-roots. In saying so it must be remembered 
that one makes the assumption that the muscles are in the compared 
cases comparable, ie. that for instance the tibialis anticus muscle in one 
individual is really the same thing as the tibialis anticus of another 
individual, two cases being taken of course where there is no obvious 


difference between these muscles. This not exorbitant assumption 


being granted and the muscles being taken as landmarks, the peripheral 
nerve-trunk is found to be more constant than is the spinal nerve-root. 
Even in the case of the complete suppression together of a lumbar 
vertebres and of a spinal root, as already described, dissection revealed 
no obvious difference in the branching or distribution of the very nerve- 
trunks that were most affected by the absence of the absent root. The 
vertebree and root suppressed were either the 6th or the 7th lumbar, 
that is to say, the lowest root of the lumbar series did duty for both ; 
although large, it was not extraordinarily so. The motor branches of 
the anterior tibial and of the posterior tibial in the leg were carefully 
dissected and compared with the ordinary type already shewn to be 
common to both high and low types of plexus-formation and found not 
to differ obviously from them. The branching from the n. musculo- 
cutaneus to the peronei and the branchings of the hamstring nerve 
were also compared and no obvious difference found. | 
The afferent nerve-trunks and the mixed sensorimotor appear to 
undergo variation in their root-composition together, at least in many 
instances. When the anterior crural was of postfixed composition I have 
seen the external cutaneous receive a branch from the 5th root as well 
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as from the 4th and Ird. In the frog however the afferent trunks may 
be of prefized composition in the same plexus in which the efferent are 
not of prefized composition. | 

In face of the constant oscillation of root origin it becomes obvious 
that in any particular instance of muscle and spinal nerve-root connec- 
tion either the spinal nerve-root may be put foremost and considered an 
example of, let us say, the high, anterior, or prefixed type of its distri- 
bution, or in the same instance the muscle may be put foremost and 
described as being an example of its low, posterior, or postfixed type. 
But because the trunks and branches of the plexus, together with the 
muscles and other peripheral organs to which the nerve-trunks are 
attached, seem to form a stable and relatively fixed annex, tied to the 
central nervous system by connections the exact point of attachment 
of which to the cord varies within a certain range so frequently that it 
is difficult within that range to consider any one point more normal 
than another, it seems preferable to place the muscles and plexus- 
branches foremost and to say they offer two classes of nerve supply, a 
low, posterior or postfixed class, and a high, anterior or prefixed class, 
according as the constituent nerve-fibres come from in front of or from 
behind a mid-point of the range of variation. In the same way the 
type of plexus has in this paper been styled prefixed or postfixed, in 
reference to the root-fibres proceeding to it arising mainly in front of or 
from behind the mean point of oscillation of the region of origin of the 
plexus from the cord. In speaking of a mean point about which the 
region of origin seems to oscillate it is not intended to infer that instances 
of origin of the plexus from the mid point of the region are more 
frequent than from elsewhere in the region, but the mean point is only 
taken as a convenient expression of the position of the region. It may 
be that the mid point is also the point of greatest frequency of occur- 
rence, but it might require some hundreds of determinations to shéw 
that fact. 

In comparing the plexus of one species with the plexus of another 
species the exceptional cases where suppression or addition of a segment 
has occurred would naturally not be selected as representing the normal ; 
but, as has been shewn, the normal itself contains classes, and in com- 
paring rabbit or cat with Macacus the prefixed class of the former should 
not be compared with the postfixed class of the latter, but the prefixed 
with the prefixed, and the postfixed with the postfixed. If this be 
done there is a fair field given for observing whether in Macacus 
rhesus there is any hint in the construction of the lumbo-sacral plexus 
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of the far greater and more complete musculature and movement of the 
hind foot of Macacus as compared on those points with the hind foot of 
rabbit and cat. A difference becomes evident at once. The root- 
composition of the anterior crural nerves is not obviously different in 
the two animals if it be remembered that the “normal” cat has an 
extra segment in the upper part of the lumbar region which Macacus 
has not. The anterior crural in cat and Rhesus compare together 


Cat Rabbit  Macacus Rhesus 
Prefiaed normal type 456 4656 345 
Postfized normal type 4 5 6 (7) 567 3 4 5 (6) 

The obturator is also not obviously different in the two; thus: 
Cat Rabbit Rhesus 
Prefiaed normal type 456 456 345 
Postfized normal type 4 5 6(7) 567 3 4 5 (0 


(In each case the nerve-root which contributes the main sbare to 
the plexus-nerve is shewn by its number being in thick type.) 

On comparing the root-composition of the sciatic an obvious 
difference appears. 

Great Sciatic Cat Rabbit Rhesus 
Prefiæed normal type 678 678 65678 
Posted normal type 6789 6789 56789 

It will be noticed that the sciatic of the monkey is richer than that 
of the rabbit or cat by the afflux to it of lower roots which in them it 
does not receive. The sciatic of Macacus is sometimes constituted by 
five roots, the sciatic of the cat and dog is never constituted by more 
than four. Sometimes it is true in Rhesus the 5th root does not con- 
tribute to the sciatic trunk at all. 

How has the extra root entering into the composition of the sciatic 
of Rhesus been obtained? Has it resulted from duplication of one of 
the roots contributing to the sciatic in a simpler form of plexus such as 
that of cat and dog? Or has it been obtained by the addition to the 
sciatic of a nerve-root which did not previously contribute to the plexus. 
In the latter case the root added must have been added at the posterior 
end of the plexus, because the correspondence between the lumbar and 
highest sacral roots is of the same character throughout the plexus until 
the 9th subthoracic root is reached. 1st lumbar of Macacus is analogous 
to the 2nd of cat and dog, the 5th of Macacus to the 6th of cat and dog. 
But the 2nd sacral of Macacus corresponds to the 2nd sacral of cat 
and dog, and not merely as regards its distribution to the limb muscles 
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(intrinsic plantars) but also as regards its distribution to the pelvic 
viscera (bladder, rectum) and the sphincters of the anus and the vagina. 
The Ist sacral of Macacus and the cat and dog also are strictly analggvus 
in function ; the correspondence between the distributions of it in the 
two types is quite remarkable; not only as to the limb muscles, but as 
to the anus and the bladder. 

This looks as though the extra root in the sciatic of Macacus had 
not been brought into the sciatic by the addition to it of the root 
nearest behind those contributing already. It might perhaps be 
supposed that with the extraordinary development of the musculature 
of the foot in Macacque the region of outflow of efferent fibres to its 
muscles has increased, and that the greater space demanded by the 
increase had been found by an extension of the outflow region back- 
wards into the precincts of the next segment behind it. But that 
arguinent offers no explanation for the shifting backward in Macacus 
of the representation of the anus and bladder in the efferent roots as 
well as of the representation of the most segmentally posterior of the 
limb-muscles as well. 

One is therefore driven to the conclusion that the 7th subthoracic 
root of the cat and dog is physiologically equivalent to the 6th and 
7th of Macacus, and that the analogous roots in the plexuses of the two 
types may be tabulated thus: 


Man Macecus Cat (Dog) Frog 
Ist lumbar = 2nd lumbar (1+ lat) 
ist = Ind „ (4 let) = ard „ 
2nd = 3 „ = 4th „ 
3rd = 4th „ = Sth ,, tre pina nerve 
4th = 5th „ = Gth „ | 
5th = 6th 
6th (lat sac.) = 7th „ } = 1th „ „ Sth spinal nerve 


Tth(2ndsac.)= 8th „ (let sac.) = 8th „ (Istsac.) och spinal nerve 
8th (3rd sad.) - th „ (2nd,,)= 9th „ (And „) 
10th „ (ird „) - loth „ (3rd „) 


It will be remembered that the one instance of condensed formation 
of the plexus met with in the series of seventy examined, was an 
example in which the 6th lumbar root did duty for the 6th and 7th 
usually present, there existing in that instance no 7th root at all. On 
the explanation just offered that exceptional instance might be perhaps 
considered a case of reversion to the more simple plexus of an older 
type. 
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If now the rabbit's plexus be compared with that of cat and dog it 
is seen that no essential difference between them exists, although minor 
differences do, When the sciatic plexus of the frog is compared with 
the type exemplified by rabbit, cat or dog, it is too difficult to assign 
analogies but it nevertheless appears clear that in deduplication of the 
roots of the former the key to a comparison must lie. 

Without attempting to enter at any length into questions concern- 
ing morphology of the mammalian limb, it seems desirable to inquire 
what is the general arrangement revealed by the distribution of its 
motor nerves. 

The scheme arrived at by Peyer, Krause, and Schwalbe for the 
construction of the muscular mass of the limb makes it a compound of 
detached myomeres or portions of myomeres so piled one on another 
upon the long axis of the limb that the most segmentally posterior is 
apical. The free apex or distal end of the limb is formed out of a piece 
of a body-segment detached from the most posterior of those somites 
which contribute to the limb at all. The next or penultimate portion 
of the limb is a détached piece of the most posterior but one of the 
metameres contributing to the limb, and so on, until in the basal portion 
of the limb the metameres used are the most anterior and are not 
detached from the trunk portion. 

Forgue and Lannegrace without making any induction content 
themselves with a statement that the roots that pass farthest into the 
member occupy the lowest position in the cord, a fact well illustrated 
by the prior experiments of Ferrier and Yeo. 

Herringham! from analysis of the results he obtained by minute 
dissection of the human brachial plexus formulated certain “laws.” 
Thus, Of two muscles or of two parts of a muscle that which is 
nearer the head end of the body tends to be supplied by the higher, 
that which is nearer to the tail end by the lower nerve. Of two muscles 
that nearer the long axis of the body tends to be supplied by the higher, 
that which is nearer the periphery by the lower nerve.” Of these 
conclusions the second when tested in the lower limb does not appear 
to apply to the musculature of the posterior aspect of the leg and 
thigh. 


Paterson’ has studied the development of the limb plexuses and has 
_ shewn that each inferior primary division of a nerve-root separates again 


1 Loc. cit. 
1 Journ. of Anat. and Phys., Vol. xxt. 611, and Studies from the Owens College Labora- 
tory, 1891, 


} 


¥ * 
4 
— 
> 
a 
* 
* 
* 
N 
u 
* 
‘ 
— 
9 
$ 
= 
‘ 


— — 


766 C. S. SHERRINGTON. 


into a ventral and dorsal division ; and that where the inferior primary 
divisions form limb plexuses the same separation into ventral and dorsal 
trunks can be found, and that these enter into the formation of the 
plexus, dorsal divisions uniting with dorsal divisions, ventral with 
ventral divisions, to form the great limb nerves. Thus in the lumbo- 
sacral plexus he points out that the obturator nerve results from fusion 
of ventral trunks, the anterior crural from a fusion of dorsal trunks. 
This view harmonises well with the results of excitation; thus when 
using weak excitation of a filament of the 4th root a pair only of 
muscles are thrown into action, that pair tends to be rectus femoris 
and upper part of gracilis; applied to a filament in the 5th root again 
if a pair be brought into action it tends to be vastus externus, and 
lower part of gracilis, shewing the equal footing of the two sets in each 
spinal segment respectively just as would be expected were they simply 
dorsal and ventral correlatives belonging to the same body segment. 
They bear the same mutual relationship as in abdominal segments, the 
dorsal part of the obliquus externus and the rectus abdominis. 

I cannot however agree with Paterson in his view that the internal 

and external popliteal nerves are quite similarly related one to another; 
as judged of by their supply to the musculature and by their cutaneous 
distribution (to be discussed in a future paper) they do not appear to 
meet all the requirements of that view. For instance excitation shews 
that the peroneus longus and the tibialis anticus stand in a similar 
relation one to another in the 6th root as the vastus externus and the 
gracilis in the 5th root.. In similar relation in the 7th root stand 
respectively the external and internal heads of the gastrocnemius muscle. 
In similar relation in the 8th root the flexor brevis minimi digiti and 
the flexor brevis hallucis. 
_ Examined in the hind limb the distribution of the motor nerves to 
the skeletal muscles of the limb points to the limb being composed of a 
number of rays placed at right angles to the longitudinal axis of the 
body and parallel with the long axis of the limb: The most posterior 
of these muscular rays are the longest ones, and the most anterior 
the shortest ones of the limb series. 

The prominence of the limb from the body is of such a form that 
the anterior edge of the prominence is thrust out less abruptly than is 
the posterior. The posterior edge is occupied entirely by one muscular 
ray, the last or hindmost. Into the anterior edge enter a number of 
rays. Taking seven to be the number of rays in the hind limb of 
Rhesus along the whole length of the posterior border from the free 
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distal end of the limb to its attached base, runs the seventh ray, while 
into the anterior border enters each of the most anterior five of them. 

If by a ray be meant a continuous band of muscle passing from the 
body axis to the periphery it is not difficult to trace in the limb the 
rays belonging to the 3rd, 4th, 5th, 6th, 7th, and 8th subthoracic segments, 
and to see that of these the 7th and 8th penetrate to the free apex 
of the limb. The ray of the 9th segment is less easily traced in its 
continuity. The distal part of it is obvious enough, namely, the 
intrinsic plantar muscles, but in the thigh and leg its traces are 
often obscure, sometimes, I think, not demonstrable. Often however 
when the thigh and leg portions appear at first sight to be absent, they 
prove really discoverable by minute inspection of the exposed muscula- 
ture of the posterior aspect of the thigh and upper calf. They are more 
easily discoverable in the rabbit than in the cat or Macacus, if I may 
judge from six experiments made on the rabbit. In the cat more 
frequently than in Macacus the thigh portion of the ray is obvious, but 
in the leg is hard to discover. 

If each of the body segments contributing to the limb be divided 
into four parts, a proximal between the axis of the body and the hip, 
a crural between the hip and the knee, an anti-crural between knee 
and ankle, and a distal in the foot, the representation of the muscular 
ray of each may be tabulated as overleaf. 

It is there seen that the quadrifid or quinquifid digital partition of 
the free end of the limb does not imply that respectively four or five 
segments are prolonged into the apex of the limb. 

In the fore-limb it is easier than in the hind-limb to trace the 
existence of the most posterior of the muscular segments as a raylike 
band lying in the length of the limb, because of the strong component 
it contributes not merely to the musculature of the terminal bit of the 
limb (manus) but to the penultimate (antibrachium). This and the 
greater regularity with which the ray contributes to the limb are 
the most striking differences between 2nd thoracic root with regard to 
the musculature of the fore- limb * the 9th subthoracic root with 
regard to the hind-limb. 

It is clear that broadly described the 3 of the limb is built 
up by successive contributions of segments, which reviewed in series 
passing from the segmentally anterior to the segmentally posterior first 
extend stepwise down the antero- internal musole- mass of the thigh, occu- 
pying its whole width from the adductor magnus internally to the vastus 
externus externally, and including the whole of the latter muscle. That 
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after composing this region of the thigh they extend stepwise down the 
leg occupying the front of it from the inner surface of the tibia internally 
to behind the peroneal muscles externally so as to include the latter 
group; and in Rhesus more than. half the circumference of the limb; the 
next step is on to the dorsum of the foot, occupying its whole width, and 
forming the short extensor but not the dorsal interossei. The length of 
the limb having thus been reached and occupied by in both Macacus 
and the cat and rabbit the successively longer and longer out-thrusts of 
four segments, a number of other segments, usually two in the cat and 
rabbit, usually three in Macacus, thrust out each a process which extends 
along the back of the process of the segment immediately anterior 
to it and throughout the whole length of the limb. These segments 
are so intimately fused in the plantar region that it is difficult to pick 
out from the rest any one muscle which shews more of this or that 
constituent. But in the leg and thigh it is less difficult to demonstrate, 
for in them it can be shewn that the more superficial muscles, the 
gastrocnemius, the soleus, the semitendinosus and the surface portion of 
the biceps belong to spinal segments more posterior than do the long 
flexors of the digits, the semimembranosus and the deeper part of the 
biceps. And the former groups are posterior to the latter. The gastro- 
cnemius and soleus are supplied mainly from 7th and 8th roots, but the 
flexor perforans mainly from the 6th and 7th. The inner hamstrings 
in the cat are each supplied by the 8th, 7th and 6th roots, but the 
supply of the semitendinosus (the more superficial) is more from the 8th 
than is the supply of the semimembranosus, while the supply of the 
semimembranosus is more from the 6th than is the supply of the 
semitendinosus. Herringham’s second “law” is thus not apparent in 
the musculature of the posterior aspect of the lower limb. It is 
deduced from dissections of the upper limb. In the forearm of Rhesus 
in three instances I have found the flexor sublimis well supplied by the 
most posterior root entering the limb plexus, the 2nd thoracic; that is, 


the superficial flexor had a very posterior root supply. The same root, 


supplied however in these cases the pronator quadratus, and the flexor 
profundus also. 
Lonpox, May, 1892. 


Addendum. I much regret the omission in Section IV. of fuller reference 
to the excellent work of niga oy, Beitrage, 1890, p. 
On 5 764 it should be added that Gotch and Horsley (FA 
Oct. 1891) od main anatomical features of the lumbo-sacral 
plexuses of Cat and Rhesus give a conclusion somewhat other than that 
at which I have arrived. 
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EXPLANATION OF FIGURES. 


PLATE xx. 


Figures 1, 2, and 3 sketched from the lumbo-sacral plexus of Macacus 
rhesus, Fig. 1, A plexus of the “postfixed” class; fig. 2, a plexus of 
the prefixed class ; + 
of seven lumbar vertebre. 


Figures 4 and 5. Outlines of the cerebral hemisphere of Macacus rhesus 


: shewing the cortical area for movements of the anus and the focus of its 
representation. 


Figure 6. Cerebral hemisphere of Dog, shewing the area of cortex from 


Pirate XXI. 
Figure 7. Connection between external saphenous nerve and external 
plantar in Macacus rhesus. 


Figures 8 and 9. Schemata illustrating the distribution of the fibres 


of the motor roots of the lumbo-sacral nerves of Rhesus; fig. 8, in the 


“postfixed” class of the muscle-supply; fig. 9, in the ae | RO 
muscle-supply. 

Figure 10. Spinal cord ; admixture of large and small ganglion cells in 
the lateral horn at the first thoracic segment. (From photo-micrograph by 


Mx E. C. Bousfield). 


Figure 11. Spinal cord shewing same admixture ; lower magnification. 

Figure 12. Bundles of the anterior root of the 9th thoracic nerve four 
months after section of the cord between the 8th and 9th thoracic nerve- 
roots. (From a microphotograph taken by Mr E. C. Bousfield.) 

Figure 13. Effects of division of the anterior roots of the right-hand 2nd 
and 3rd thoracic nerves. Sketched from nature by Mr M. H. Lapidge. 
On the side of the section the pupil is small, * 
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opening small, the conjunctiva watery, the lower lid somewhat baggy, the 
cheek somewhat puckered, the pinna slightly flushed and projecting from the 
side of the head.” — Extract from protocol. 


Figures 14 and 15. Simple contractions of the gastrocnemius (frog) 


(p. 709). 


Pirate XXII. 


Contractions of the urinary bladder of the monkey. For description see 
text, p. 677. 


Pirate XXIII. 


T.a. signifies tibialis anticus muscle. P peroneus muscle, & gastrocnemius 
muscle, -» denotes the direction of ~ movement of the recording lever 
when the muscle contracts. 


Figure 1. Reflex movement of Frog. Action of tibialis anticus and 
peroneus. 

Figure 2. Spontaneous movement of Frog. Action of tibialis anticus 
and gastrocnemius muscles. (Reduced to one-half of trace.) 

Figure 3. Contractions of gastrocnemius and tibialis anticus given by 
mechanical (Reduced to one-third 

of trace. 

Figure 4. Spontaneous movement at tarso-crural joint of frog. The line 
marked repose was given by the tarsus when at rest. When at rest the 
position maintained was nearer full extension than full flexion at the ankle- 
joint. Time marked in u th seconds as in fig. 5. (Reduced to one-half of 
trace, ) 

Figure 5. Similar spontaneous movements evoked after separate registra- 
tion has been arranged for the gastrocnemius and tibialis anticus respectively. 
From same experiment as fig. 4 about 10 later. (Reduced to one-half of 
trace.) 

Figure 6. Reflex movement. Contractions of peroneus and gastro- 
cnemius muscles. (Reduced to one-half of trace.) 


Figure 7. Strychnia, Convulsions. Contractions of tibialis anticus and 
gastrocnemius, (Reduced to one-third of trace.) 

Figure 8. Spontaneous movement. Alternate action of tibialis anticus 
and gastrocnemius. 


*** 


5 * * 
J 
| 
¥ 
7 
7 a. 
2 
** 


772 THE LUMBO-SACRAL PLEXUS. 


Figure 9. Reflex movement. Action of gastrocnemius unaccompanied by 
any activity of the pretibial muscles. The slight notch on the lower line was 
due to mechanical jar conveyed to the lower lever by sudden movement of the 
upper. 

Figure 10. Reflex movement. Action of gastrocnemius and tibialis 
anticus. Time ‘5”. (Reduced one-half from trace.) 

Figure 11. Reflex movement; frog. Alternate action of gastrocnemius 
and tibialis anticus. Time 5“. (Reduced to one-third of trace.) 

Figure 12. Contractions of the gastrocnemius (frog) under separate 
excitations with ‘break’ shocks of the ixth and viiith spinal roots. Eight 
hundred and three contractions were registered from the ixth root, three from 
the viiith root. Of the contractions from the ixth root only three are repro- 
duced in the figure. The fatigue effect is almost confined to contractions 
obtained from the ixth root. (Reduced to one-half of trace.) 
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ON THE RELATION OF THE POSTERIOR ROOT TO 
THE POSTERIOR HORN IN THE MEDULLA AND 
CORD. By HOWARD H. TOOTH, M. D., F.R.C.P. 


In the course of a series of experiments on monkeys at the Laboratory 
of the Royal Colleges of Physicians and Surgeons’, made with a view 
to determine the paths of sensation (in the broadest sense, of afferent 
impressions,) in the cord and medulla, I have made two extensive 
sections of the medulla on the left side, one amounting almost to a half 
section. In both these experiments the so-called ascending root“ of 
the fifth nerve was cut across and it was therefore easy to see on subse- 
quent microscopical examination which direction the resulting secondary 
degeneration took. 

As the two experiments differed from one another only in respect 
of the extent of the lesion, the degeneration of the ascending root of 
the fifth being the same in both, it will be only necessary to describe one 
of them. 

In this monkey the lesion was almost a semi-section, the cut being 
obliquely dorso-ventrally, so oblique that no one section will display the 
whole lesion. It commences spinal-wards and dorsally soon after the 
appearance of the nucleus funiculi gracilis on the left side, and ends 
cerebral-wards and ventrally in the anterior pyramid having passed 
through the lowest part of the olive. Owing to the obliquity of the 
section several interesting points concerning the arrangement of the 
arciform fibres are raised, but discussion of them must be deferred 
to another occasion. The ascending and descending degenerations 
are also very distinct, but our description will be confined to that of 
the ascending root of the fifth. 

1 I take this opportunity of expressing my deep sense of obligation to the Laboratories 
Committee for enabling me to carry on this research, and I wish also to thank Dr G. Sims 
Woodhead for his ready help on all occasions. 

2 All through this communication I make use of this term, but with great reluctance. 
It should be more properly called the descending root, but until the function of the 


root at present known by that name is definitely known, it is better perhaps to retain the 
old terminology. 
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Fig. 1 is a semi-diagrammatic sketch, enlarged about 5 diameters, 
of the appearances just below the lesion. The level of the section is 
that at which the fibres of the anterior pyramids are beginning to cross 
to the opposite side forming the decussation. The pyramid on the left 
side is deeply degenerated, and the dotted portions of the decussation 
represent the degenerated crossing fibres. The ascending root of the 


Fre. 1. Section through upper part of decussation, just below the lesion. V.a. ascending 
root of fifth. S.g. substantia gelatinosa with dotted lines running through it, 
indicating degenerated fibres, to ss. * p. 
anterior pyramid degenerated. 


fifth, Va., is almost totally degenerated and the fibres from it which 
course through the substantia gelatinosa Rolandi are all degenerated 
except one or two at the ventral end of it which appear to have escaped. 
These degenerated fibres meet in a plexus which occupies the central 
part, or hilum, of the somewhat reniform substantia gelatinosa. This 
is the substantia spongiosa ss. of the cord. Here the degeneration 
ceases, and no fibres can be traced passing out of this plexus to any 
other part of the section. It may be here stated that immediately 
above the lesion the substantia gelatinosa, spongiosa, and ascending 
root of the fifth are absolutely normal and undegenerated. Therefore 
these fibres which we find degenerated in the plexus do not take an 
upward course of any length. They may be said to end in the sub- 
stantia gelatinosa or spongiosa. 

Fig. 2 is taken a little lower down at a level corresponding to that 
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Fic. 2. Section at about first cervical level. c p. t. crossed pyramidal tract. Other ö 
lettering as before. 
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of the first cervical root in man. The appearances are much the same 
as in the last figure. Most of the anterior pyramidal fibres have 
crossed forming the crossed pyramidal tract, c.p.t., those remaining being 
continued downwards as the direct pyramidal tract, d. pit. Fig. 3. The 
substantia gelatinosa shows the degenerated fibres entering it from the 
ascending root of the fifth forming the plexus in the hilum as shown in 
Fig. 1. A few fibres are traceable as continuing on in the direction of 
the middle line, but such fibres have not been found in other sections, 
or in the other experiment. 

Fig. 3 is a sketch of a section taken through the upper rootlets of 
the second cervical. Here the substantia gelatinosa has assumed the 
familiar shape of the posterior horn. The last remains of the ascending 


Fia. 3. Section through cervical cord at level of second cervical root. p.r. posterior root. 
d.p.t. direct pyramidal tract degenerated. a.h. degenerated fibres in the anterior horn 
probably derived from the direct pyramidal tract. 


root of the fifth can be seen as a small tract of degeneration forming a 
sort of cap to the tip of the horn. Degenerated fibres are to be seen 
running through the substantia gelatinosa to the substantia spongiosa 
in the same manner precisely as in the preceding sections. The unde- 
generated posterior root fibres p.r. are seen to course through and round 
the ascending root of the fifth to pass into the base of the horn and 
presumably also into the postero-lateral column. At the same time a 
large number of undegenerated fibres pass through the substantia 
gelatinosa, derived undoubtedly from the posterior root. So at this 
level we find by the degeneration method that the substantia gelatinosa 
receives fibres from two sources, the ascending root of the fifth, and the 
posterior root’. 
I be relation of the fifth to the substantia gelatinosa in the medulla 
and upper cervical cord has led me to make a careful enquiry into the 
1 Since beginning this paper I have begun a series of sections of the medulla of a case 
of degeneration of the ascending root of the fifth secondary to gummatous infiltration of 


the trunk of the nerve, which so far corroborates the experimental observations in 
monkeys. 
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constitution of the posterior horn of the cord generally, in the hope 
that some light might be thrown on the manner in which certain 
sensory impressions (touch, pain, and temperature) travel from the 
posterior roots to the sensorium, a subject at present involved in the 
deepest obscurity. The posterior horn is a composite structure. The 
typical horn may be regarded as consisting of three parts, a basal third 
which is practically a plexus of white nerve fibrils, called the substantia 
spongiosa, a middle third, or substantia gelatinosa, these two constitute 
the true posterior horn, and a peripheral third, a band of neuroglia 
supporting numerous very fine fibrils, the border zone (Randzone), 
of Lissauer“, which can scarcely be said to belong to the horn at all. 
In the lower cervical and all the dorsal region this border zone is a thin 
strip connecting the horn proper with the periphery, but in the lumbar 
and sacral region it becomes much broader, and shorter. Its relative 
size at different levels may be seen at a glance in Fig. 4, IX. X. XI. XII. 
b.z. At the level of the second cervical its place is taken by the 
ascending fifth (vide infra). 

The interest centres in the substantia gelatinosa which now demands 
some notice. It may be said that the substantia gelatinosa of the 
posterior horn has practically the same structure whether it be in the 
lower, middle, or upper cord, or medulla. It presents no breach of 
continuity from the sacral region to its last remnant at the point where 
the ascending root becomes one with the Hain trunk of the fifth. 

Speaking generally the size of the substantia gelatinosa varies 
directly with the size of the grey matter of the cord. It is largest in 
the swellings of the cord, but in the medulla it again becomes large on 
account of its relation to the ascending fifth. In the cord it is roughly 
U shaped, its central part being occupied by a plexus formed by the 
fibres entering through its substance from the posterior roots. In the 
medulla it assumes more the shape of a crescent or kidney, with the 
same plexiform arrangement of fibres in its concavity or hilum, derived 
here from the ascending fifth. 

Histologically the substantia gelatinosa consists of a somewhat 
dense finely granular neuroglia base, which takes carmine and other 
stains readily. Scattered through it are numerous deeply staining nuclei. 
Some of these may be of connective tissue origin, but the larger number 
of them are found to be very constant in size (almost invariably about 


1 Lissauer. Beitrag zum Faserlauf des Hinterhorns des Menschlichen Rücken- 


marks, eto.“ Arch. fiir Psych. 1886, p. 377. See also Sherrington, Brain, Vol. rx. 
p. 342. 
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74), and on careful focussing to be the nuclei of fairly large cells. 
These cells stain very lightly, and therefore are easily overlooked. I 
have made careful examination of the substantia gelatinosa in a number 
of spinal cords, in man, monkey, cat, and human foetus at about the 8th 
month. The staining methods employed have been mostly alum car- 
mine and Weigert-Pal, but for comparison aniline blue black, picrocar- 
mine, and acid fuchsin preparations have been examined with the 
same results. . 

The shape of these cells is somewhat variable, but the prevailing 
type is obovate, the long axis being generally parallel with that of the 
horn itself. A few of the cells are circular in section. In the human 
cord where probably hardening has begun after slight decomposition, 
and where there is a tendency to consequent distortion of the grey 
matter, these cells may be much increased in their long diameter. 
The nuclei contain a minute highly refracting nucleolus, easily over- 
looked if the nucleus is deeply stained. This description applies 
equally well to the same cells as seen in longitudinal section of the 
substantia gelatinosa. These cells measure about 148 to 1854 by 
III. They appear to have a resistant cell wall for their protoplasm 
takes the various stains very lightly indeed. By none of the staining 
methods at present employed can they be found to possess processes 
like other undoubted nerve cells. In the cords one finds these cells 
nowhere but in the substantia gelatinosa. In the vagus nucleus how- 
ever similar cells are to be found. They are easily distinguished from 
the true vagus cells by their smaller size, and clear feebly staining proto- 
plasm. The cortex of the posterior region of the monkey’s brain consists 
almost entirely of round cells closely packed together which present a 
superficial resemblance to these cells in the respect of size of cell and 
nucleus, feeble affinity of protoplasm for stains. A nucleolus is not to 
be seen in my preparations. Similar cells can be seen in all parts of 
the cortex. 

In addition to these cells which may be said to be peculiar to the 
substantia gelatinosa, are scattered about a few large ganglion cells of 
the type seen in the anterior horn, or posterior vesicular column. 
These have been figured and described by Sherrington’, who suggests 
that they may be outlying cells of the posterior vesicular column. 

If the silver staining methods of Golgi and Ramon y Cajal be 
employed a large number of figures make their appearance which were 


1 Sherrington. “Outlying nerve cells in the mammalian spinal cord.” Phil. 
Trans. Vol. cuxxx1. (1890), p. 33. 
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before invisible. These have the appearance of cells with many branch- 
ing processes; some of the processes are very long and apparently 
continuous with those of contiguous cells. The long processes are most 
obvious in longitudinal sections of the substantia gelatinosa. It is 
difficult to believe that most of these are any more than lymphatic 
lacunz, which surround connective tissue elements, and afford spaces for 
the deposition of silver salts. Owing to the opacity of the deposit it is of 
course impossible to say what the nature of the cell is, though it is 
quite certain that some of the larger ones are outlying true ganglionic 
cells as above-mentioned. 

Through the substantia gelatinosa course white medullated fibres 
derived in the medulla from the ascending root of the fifth, and in the 
cord from the posterior roots. They run singly or in bundles and 
having reached the central parts of the substantia gelatinosa break up 
into the central plexus afore-mentioned, which seems to be continuous 
with that of the substantia spongiosa, or base of the horn. These 
entering fibres run between and tend to surround the cells of the 
substantia gelatinosa above described, though no direct communication 
has as yet been made out. That the fibres run in this direction is 
shown by the fact that they degenerate after section of the posterior 
roots, and also after section of the ascending root of the fifth as detailed 
above. Lenhossek’ regards the posterior roots as consisting of three 
distinct sets of fibres, (1) a mesial group which is the largest, and 
contributes fibres to the postero-external column and the mesial side of 
the substantia gelatinosa ; (2) a middle group formed of the bulk of the 
fibres entering the substantia gelatinosa, and (3) a lateral small group 
forming mainly the border-zone of Lissauer. Bechterew“ in an 
earlier work found that the fibres of the mesial group became mycli- 
nated at an earlier date than those of the border-zone, an observation 
confirmed by Sherrington. Bechterew does not seem to recognise a 
distinct middle group however belonging specially to the substantia 
gelatinosa. 

The middle group of the posterior root fibres in the cord bears the 
same relation to the substantia gelatinosa as the so-called ascending 
root of the fifth does to the same structure in the medulla and upper 
cervical cord. It is therefore not unreasonable to suggest an analogy 


1 Lenhossek. ‘‘ Ueber den Verlauf der Hinterwurzeln im Riikenmark.” Arch. fur 
mikroskop. Anat. Bd. xxxtv. 1889, p. 157. 

* Bechterew. ‘‘ Ueber die Hinteren Nervenwurzeln, etc.” Arch. fiir Anat. und 
Phys. 1887, Anat. Abth. p. 126. 
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and homology between the two. It follows then that the ascending 
root of the fifth may be regarded as the highly developed middle group 
of an unknown number of posterior roots’. The exact function of the 
ascending root has yet to be determined, but it is more than probable 
that it conducts, touch, pain, and temperature sensation from the face’, 
and possibly kinesthetic impressions. On the other hand the posterior 
root of the spinal cord is a common trunk for the conveyance of fibres 
conducting, touch, pain, temperature, kinesthetic and equilibration 
impressions if a distinction between the two last be allowable. 

Fig. 4 is a series of outline sketches of the posterior root and 
ascending root of the fifth in their relation to the substantia gelatinosa, 
at various well-known levels. They are sketched in the position they 
occupy in each section with the dorsal aspect upwards and all belonging 
to the left side. In Fig. 4, IX. X. XI. XII, the middle group of the 
posterior root fibres are shown entering the substantia gelatinosa of the 
posterior horn, to pass subsequently to the plexus of the substantia 
spongiosa. Many fibres, not drawn, can be traced into the posterior 
vesicular column and so into the direct cerebellar tract as has been 
shown by Mott. 

In Fig. 4, VIII at the level of the second cervical root the posterior 
root proper contributes comparatively few fibres to the substantia 
gelatinosa, which derives the bulk of its fibres from the ascending root 
of the fifth Via. The substantia gelatinosa becomes here club-shaped 
and extends nearly to the edge of the section, the intervening space 
being occupied now by the — root to the exclusion of the fine 
fibres of the border zone. 

At VIL midway between the first and second cervical all entering 
posterior root fibres have disappeared, leaving the ascending root of the 
fifth only, which sends its fibres into and through the substantia gelati- 


In this connection cf. Gaskell, On the relations between the spinal and cranial 
nerves.” Med. Chi. Trans. Vol. LXXI. 1888, p. 374. 

? Unfortunately in the experiments which form the text of this paper I did not test the 
sensation of the face, the experiments having been porfurmed with quite another object in 
view. I have, since writing this, however, made one more experiment of a similar nature, 
and in this animal I was unable to satisfy myself that there was any loss of sensation in 
the face. This form of observation is extremely unsatisfactory in animals. There may be 
great alteration of sensation between the two sides, and yet the animal may react to 
stimuli apparently equally well on either side. Drs Ferrier and Turner have kindly 
allowed me to say, however, that in some experiments on monkeys of extensive lesion of 
the lower restiform body, involving the ascending root of the fifth high up, they have found 
complete loss of sensation on that side of the face, including the conjunctiva. They 
intend to publish their results before long. 
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nosa. Bundles of fibres however can be seen entering the base of the 
horn as they are shown doing in Fig. 4, VI., but they appear to arise 
from the postero-external column, These may be posterior root fibres 
from a lower level, but more probably are the proper fibres of the 
postero-external column which about here becomes largely increased in 
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Fie. 4. Outline sketches of substantia gelatinosa in relation to the ascending of the fifth 
in the medulla and upper cervical region, and to the middle group of the posterior 
root in the cord (monkey). I. at point of fusion of the ascending root with the 
fifth trunk. II. at junction of middle with lower third of the olive. III. at lowest olive. 
IV. at middle of pyramidal decussation. V. above first cervical. VI. at first cervical 
level (no posterior root in monkey). VII. about midway between first and second 
cervical. VIII. at second cervical. IX. at third cervical. X. at third dorsal. XI. at 
eleventh dorsal. XII. at second lumbar. F. a. ascending root of fifth. S.. 
substantia gelatinosa. p. r. posterior root. b. 2. border zone (L issauer’s description 
includes a small area on each side of the strip here shown, omitted for the sake of 
clearness). J. c. fibres from funiculus cuneatus to base of posterior horn. 
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size as the funiculus cuneatus. The important point in this present 
connection is, that they do not appear to contribute any fibres to the 
substantia gelatinosa or to the plexus in its central parts. 

At VI., or the level of the first cervical, the substantia gelatinosa 
has become reniform in outline, the hilum being filled by a complicated 
plexus formed of the fibres entering from the ascending fifth which 
now becomes a large and striking feature in the section. Fibres fc. 
are entering the attenuated neck, connecting the substantia gelatinosa 
with the central tube of grey matter, from the funiculus cuneatus. 

The remaining V. to I. show at a glance how the substantia gelati- 
nosa, always retaining the same relations to the ascending fifth, increases 
in size till it becomes about equal in area to the last, and then diminishes 
to a small patch, quite difficult to distinguish, at the point of fusion of the 
ascending root with the fifth trunk. About here we come across a few — 
large cells such as are found in the proper nucleus of the fifth, scattered 
about in the remains of the substantia gelatinosa, suggesting that the 
latter becomes ultimately merged into the former, from which it is 
tempting to infer that the sensory nucleus of the fifth is a special 
development of the substantia gelatinosa. 

The object of the foregoing remarks is to establish an analogy and 
homology between the ascending fifth and the middle group of the 
fibres of the posterior roots of the cord. Though the function of the 
ascending fifth is not yet perfectly known, it is more than probable 
that its fibres conduct, tactile, pain, and temperature sensory impressions. 
It is therefore not unreasonable to make the inference that the middle 
group of the posterior root fibres in the cord have a similar function. 
Wen we cut a posterior root we find loss of sensation over the 
whole area from which that root derives its fibres. But the posterior 
roots contain more than fibres conveying common sensation only. For 
instance Mr Horsley was so good, some years ago, to cut a number of 
the posterior roots of the cauda equina in a monkey for me. The 
result was complete anesthesia, analgesia and thermanzsthesia, of the 
leg on that side. But there was also marked incoordination of move- 
ment so that the animal was liable to trip up at any moment especially 
if excited. 

Now it is probable that the fibres conveying kinesthetic, and 
equilibration impressions pass up the cord in definite tracts to the 
medulla and cerebellum. After section of u posterior root a well 
marked tract of degeneration can be traced through the postero-lateral 
column into the posterior median and so to the nucleus funiculi gracilis 
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in the medulla, where it stops. What form of centripetal impression 
does this convey? Professors Gotch and Horsley’ have performed 
section of this column in one or two instances. In one (p. 439) both 
columns had been divided, and there appears to have been some loss of 
sensibility, in that the animal did not withdraw the hind feet when 
placed in water. I had entrusted to me the making of the micro- 
scopical sections in several of these animals among which was the one in 
question, and I am able to say that the posterior horn on both sides was 
extensively affected by inflammatory disorganisation spreading from the 
lesion; and of course the postero-lateral columns also. It is therefore 
impossible at present to say that the posterior median columns convey 
any tactile, pain, or temperature sense. If such were the case one 
would expect some affection of sensation after lesions of the nucleus 
funiculi gracilis which is the termination of the posterior median 
column. In two cases I have performed this experiment on monkeys, 
in one of which there was a fairly complete ablation of the nucleus, but 
with absolutely negative results as regards sensation’. 

On the other hand however the postero-lateral columns contain a 
large number of fibres which do not eventually get into the posterior 
median and do not continue in them for any distance in the cord. 
These fibres undoubtedly dip into the base of the posterior horn. Here 
they help to form a plexus of fine fibres forming with large ganglion 
cells the posterior vesicular column of Clarke. These fibres degenerate 
most distinctly after section of a posterior root as I have shown else- 
where“. Some of the fibres of this plexus in the posterior vesicular 
column, but probably very few, may be derived from those fibres of the 
root which pass through the substantia gelatinosa (middle group, before- 
mentioned). It is practically certain that the fibres of this plexus 
enter into relation with the ganglion cells found there, because the 
degeneration stops there. Mott* has proved that the fibres of the 
direct cerebellar tract take their origin from these ganglion cells. 
Now there is every reason to believe that the direct cerebellar tract 
fibres have nothing whatever to do with tactile, pain or temperature 
sensation. This I have proved to my own satisfaction by many experi- 


1 Horsley and Gotch. On the mammalian nervous system, etc.” Phil. Trans. 
Vol. cuxxxm. 1891. 

The resulting degenerations were shown at a meeting of the Physiological Society at 
the Laboratory of the Examination Hall, but they have not yet been published. 

Secondary Degeneration of Spinal Cord, 1889, p. 45. 

Mott. Bipolar cells of the spinal cord.” Brain, Vol. ut. 1890, p. 431. 
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1 consisting of section of that tract in the medulla, followed in no 
case by any appreciate affection of any of the above forms of sensation. 
Moreover Dr Mott’ has been able, by means of a specially devised 
knife, to cut the antero-lateral ascending tract in the cervical cord with 
great accuracy. In his cases there have been no signs of any loss of 
sensation though there was some loss of equilibration which he attri- 
butes to slight lesion of the fibres of the crossed pyramidal tract. In 
my own experiments I have in a few instances found slight want of 
equilibration on the side of the lesion, but not by any means invariably 
proportionate to the gravity of the lesion. 

We are therefore forced to exclude the tracts in the white matter 
from having any considerable, if any, share in the conduction of tactile, 
pain, and temperature sensory impressions. 

When however the grey matter is injured, as for instance in a 
semi-section of the cord at any level, there is undoubted evidence of 
some disturbance of sensation below the lesion. That this is not easy 
to localise is apparent from the fact that it is even now under debate, as 
to which side of the body the anesthesia is on. It is an old observation 
of Brown-Sequard's, that the anesthesia is on the opposite side to 
the lesion. This view is still upheld by Drs Ferrier and Turner’. 
Dr Mott’ is of opinion that the anesthesia is on the same side as the 
lesion and therefore corresponding to the motor paralysis. Some semi- 
sections that Mr Horsley did for me in 1888 led me to come to the same 
conclusion, but I have never published the observation. I have recently 
performed a double semi-section in the monkey, the highest at the level 
of the fifth dorsal root on the left side, the lower one at the level of the 
twelfth dorsal root on the right side. The result was very interesting. 
Of course there was complete paraplegia. On the right side, that is 
below the lowest semi-section there was complete loss of sensation, with a 
marked upper limit at about the latitude of the anterior superior spines. 
It was exactly limited by the middle line; this was well seen in the 
tail. Below the higher lesion on the left side there was no absclute 
loss of sensation, but the animal did not seem to localise the point of 
stimulation accurately unless she used her eyes. The probability is 
there is a certain amount of crossing of these impressions, but that the 
bulk of them run up the same side. It will be necessary to repeat the 


1 Mott. Ascending degenerations, etc.” Brain, Vol. xv. 1892, p. 215. 

2 Turner. Hemisection of the spinal cord.” Brain, Vol. Xv. 1891, p. 496. 

„ Mott. Results of hemisection of the Spinal Cord in Monkeys.” Phil. Trans. Vol. 
cuxxxm. 1892, p. 1. See also Goteh and Horsley, op. cit. p. 429. 
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experiment before drawing any more definite conclusions. If however 
the above suggestion be correct it will go far to explain the want of 
harmony among observers. If a monkey could explain what he felt it 
is possible that he would describe an alteration of sensation on both 
sides, but differing in degree and perhaps in kind. 

From anatomical considerations one would be inclined to say 
dogmatically that the ascending tracts of the white matter ran up on 
the same sides, yet if we refer to the work of Messrs Gotch and 
Horsley’, we find, that by the electrical method, the amount of nerve 
energy per cent flowing up the cord on stimulation of a large sensory 
trunk, such as the sciatic, is as follows: Posterior columns same side 
60, opposite side 15. Lateral column (this must mean the direct 
cerebellar, and antero-lateral ascending tract), same side 20, opposite 
side 5. The writers guard themselves from assuming too much by 
saying, “Finally our experiments do not show the path taken by 
sensory impulses: it is possible, though hardly conceivable, that these 
are essentially different in quality from the ones we have been studying.” 

The deduction, to be based on the foregoing evidence may be briefly 
summarised as follows. 

1. The posterior roots are the only points of entrance of sensory, 
or more broadly, centripetal impressions, into the spinal nervous system. 

2. In the medulla oblongata the fifth nerve is the great sensory 
nerve corresponding to an unknown number of posterior roots. 

3. Its so-called ascending root descends the medulla and cord to 
the level of the second cervical root, sending fibres all the way, to, and 
through the accompanying substantia gelatinosa. 

4. Anatomically it is possible to divide the entering posterior root 
‘fibres in the cord into three groups. 

(1) A mesial group entering the postero-lateral column, dis- 
tributed, some to the posterior median column and some to the base of 
the horn, to be further distributed to the posterior vesicular column, 
and anterior horns. 

(2) A middle group distributed mainly if not entircly to the 
substantia gelatinosa and its plexus. 

(3) A lateral group distributed to the border zone. 

5. The ascending root of the fifth, in its anatomical relations to 
the substantia gelatinosa, corresponds to the middle group of a number 
of posterior roots. 

6. At the level of the second cervical root, the 5 root and 


1 Op. cit. p. 444 et infra. 
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the spinal posterior root are seen together, the former passing into the 
substantia gelatinosa, the latter round it to the substantia spongiosa. 

7. No experimental method of discriminating the various forms of 
sensory impressions which enter by the above-named groups of fibres 
has as yet been devised. 

8. Certain tracts degenerate after section of the posterior roots, 
but experimental lesions of these tracts themselves give very uncertain 
results, as regards any of the forms of sensation. 

9. The substantia gelatinosa of the cord is continuous with, and of 
the same structure as, that of the medulla. 

10. A study of the the structure of the substantia gelatinosa 
favours the view that it is nervous, of actual functional value, and not 
an embryonic remnant. It is probable that its cells stand in functional 
relation to the entering fibres, so that from this point of view the 
substantia gelatinosa may be looked upon as one long sensory nucleus 
extending from the chief nucleus of the fifth, which is a specially 
developed part of it, to the lower sacral region of the cord. 

11. These conclusions are in accordance with the views of Schiff 
and others, viz, that the grey matter is the path by which sensory 
impressions reach the higher regions of the nervous system. This 
paper attempts to limit this path to the substantia gelatinosa and its 
plexus. How the stimulus passes up to the cerebrum, whether it 
straggles up cell by cell, or by the intervening fibres of the plexus, is at 
present unknown. 
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ON THE LARGER MEDULLATED FIBRES OF THE 
SYMPATHETIC SYSTEM. By J. N. LANGLEY, M.A., 


F.RS., Fellow and Lecturer of Trinity College, Cambridge. 


A SHORT time ago, in a Paper chiefly devoted to the spinal origin of 
the upper part of the sympathetic system, I“ had occasion to consider 
the general histological characters of the system. 

At about the same time, and independently, a Paper by Mr Edge- 
worth“ appeared in this Journal, also dealing with the histological 
characters of the sympathetic system, but giving an account completely 
at variance in nearly all essential points to that given by me. 

I have in consequence felt it necessary to repeat many of my obser- 
vations“. The results do not differ from those I have previously published, 
and I do not propose to re-state them here. But it seems to me un- 
advisable to allow Mr Edgeworth’s account to pass without comment. 

1. In the sympathetic system of the dog, Mr Edgeworth describes, 
in accordance with previous accounts, medullated fibres 1°8 to 3°6 u in 
diameter, and medullated fibres 7 2 ½ to 9 in diameter. The latter, 
he calls, ‘large sympathetic fibres.’ 

He nowhere mentions that there are sympathetic fibres of inter- 
mediate diameter and the whole tenour of his paper is that such fibres 
do not exist. 

In fact, fibres of intermediate diameter occur in nearly all parts of 
the sympathetic system, and at some places in considerable numbers. 

2. Mr Edgeworth describes in the vagus at the diaphragm, medul- 
lated fibres of 4°5 to 6°3 w in diameter, and so far correctly. But when 


1 “On the Origin from the Spinal Cord of the Cervical and Upper Thoracic Sympathetic 
Fibres with some Observations on White and Grey Rami Communicantes.” Phil. Trans. 
Roy. Soc., B. p. 85, 1892. 

2 “On a Large-Fibred Sensory Supply of the Thoracic and Abdominal Viscera.” This 
Journal, Vol. x111., May, 1892, p. 260. 

3 All the histological points I mention here I have repeated on the nerves of the dog 


since the publication of Mr Edgeworth’s Paper. The nerves were treated with osmic 
acid 1 p. e. and teased out. 
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he meets fibres of this diameter—which he calls large vagus fibres—in 
the peripheral parts of the sympathetic system, he assumes that they 
are vagus fibres. 

This assumption is unfounded, since medullated fibres of 4°5 to 63 f 
in diameter are present in the sympathetic in situations where there 
can be no question of any admixture of vagus fibres. 

3. Mr Edgeworth states that no ‘large sympathetic fibres’ are 
present above the Ist thoracic ramus communicans, nor any below the 
3rd lumbar ramus communicans. I cannot agree with either of these 
statements. I have always found some such large medullated fibres 
(i.e. 7°2 ~ or upwards) in the grey rami of the lower cervical nerves; in the 
white and in the grey ramus of the 4th lumbar nerve, and in the grey 
rami of the 5th, 6th and 7th lumbar nerves. The ‘large’ medullated 
fibres may be few, but they are not absent, and with them are a con- 
siderable number of fibres of about 5 ½ in diameter, (10 to 30 in a 
ramus). To the sacral rami I have paid less attention, but I have 
found large medullated fibres in the Ist sacral ramus. 

4. Mr Edgeworth states that no ‘large sympathetic fibres’ occur 
in the sympathetic chain below the 6th lumbar grey ramus. 

I have found them in the upper sacral region; how much farther 
down they occur I have not determined. 

5. Mr Edgeworth states that the hypogastric nerve “is found to 
consist of grey fibres, small medullated fibres and large sympathetic 
fibres—no large vagus fibres being present.” 

Curiously enough the hypogastric of the dog is a nerve in which the 
fibres of the size of ‘large vagus fibres’ are abundant, whilst fibres of 
greater diameter than 7 2 yu are rare. 

6. Mr Edgeworth gives one observation from the cat, he says the 
average size of the large medullated fibres in the splanchnic nerves of 
the cat is 6°3 u. | 

I find that the splanchnic of the cat—as that of the dog—is par- 
ticularly well supplied with fibres of the 72 f to 9 class. 

7. The diagram given by Mr Edgeworth (Plate X. op. cit.) besides 
embodying the points I have already mentioned, contains other represen- 
tations which seem to me misleading. 

The inferior mesenteric ganglion is represented as receiving its large 
sympathetic fibres almost entirely from the minor splanchnic nerve. I 
find that it receives few if any such fibres from this source. 

The nervus dorsalis penis is represented as arising from the hypo- 
gastric plexus, into which the hypogastric nerve runs. In point of fact, 
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the nervus dorsalis penis does not touch the hypogastric plexus. It 
arises it is true from certain spinal nerves, which send branches to 
the hypogastric plexus, but the plexus lies by the side of the rectum, 
about an inch distant from any part of the nervus dorsalis penis. 

8. There are three points which I think ought not to be passed 
unnoticed. 

Mr Edgeworth assumes that all the large medullated fibres which 
occur in the white and grey rami communicantes have just issued from 
the cord and are on their way to the sympathetic system. This view 
has no evidence, worth the name, in its favour, and I have in the Paper 
quoted above endeavoured to shew that it is incorrect. 

Mr Edgeworth states by implication that the 3rd lumbar nerve 
is the lowest nerve which supplies motor fibres to the viscera by way of 
the sympathetic. In fact, the 4th lumbar nerve normally, and the 5th 
lumbar nerve occasionally sends such fibres to the sympathetic. 

He also states by implication that the efferent inhibitory fibres have 
no connection with ‘lateral’ or with ‘collateral’ ganglia. I have 
brought forward evidence that (to take one or two instances only) 
inhibitory vascular fibres for the fore and hind limb are connected with 
‘lateral’ ganglia, and that the sympathetic inhibitory fibres to the 
intestine are connected with ‘collateral’ ganglia. 
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A METHOD OF OBTAINING THE SPECIFIC HEAT 
OF CERTAIN LIVING WARM-BLOODED ANIMALS. 
By W. HALE WHITE, M. D., Physician to Guy's Hospital. 


MAny observers have calculated the specific heat of animals by esti- 
mating that of the various components of the body after death. Diffe- 
rent experimenters give different results but they all agree in stating 
that the specific heat of the dead body is somewhere between 0°75 and 0°9. 
This is what might have been expected when we remember that a large 
proportion of the body is water. The properties of dead and living 
bodies are so unlike and the specific heat of complex substances is often 
so difficult to foretell, that I thought it would be worth while to see if 
some means could be devised of estimating the specific heat of living 
animals. This weuld be easy enough in the case of cold-blooded 
animals by observing the relative number of degrees of temperature 
through which the animal and an equal weight of distilled water 
originally at the same temperature rose or fell when both were, under 
exactly similar conditions, subjected to warming or cooling, for it is well 
known that the temperature of cold-blooded animals rises and falls with 
that of their surrounding medium. I have in a previous paper (“A 
Theory to explain the Evolution of Warm-blooded Vertebrates,” Journal 
of Anatomy and Physiology, Vol. xxv. p. 374) collected figures illus- 
trating this. But the thermic mechanism of warm- and cold-blooded 
animals is so different that it would be rash to assume that the specific 
heat of warm-blooded animals is the same as that of cold-blooded. 

It struck me however that by using hybernating mammals it would 
be possible to calculate the specific heat of living animals not far removed 
from man. I employed dormice, for they are easy to obtain and to 
observe. When hybernating they lie tightly curled up in a ball with 
their feet tucked away in the centre of the ball, and it is easy to take 
their temperature by 2 the bulb of a thermometer in the centre 
of this ball. 
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The first point to determine was whether when they are hybernating 
their temperature rises and falls with that of the surrounding medium. 
The figures given in the tables at the end of this paper show that it does. 
For example it will be seen in experiment No. V. when the temperature 
of the room was 37° F. that of the dormouse was 37°5° F., and that when 
it was brought into a room at 52 F. its temperature slowly rose till it 
was 49°25° F., it was then put back into the cold room and its temperature 
slowly fell. A large number of observations gave similar results, but 
the experiment requires to be made with considerable care, for in the 
first place, it is necessary that the animal should have been hybernating 
some two or three days, for not until then does its temperature rise and 
fall proportionately to that of the air around it. Secondly, the experi- 
ment should be discontinued when the animal’s temperature has risen 
to 52° F., for at a point varying with different dormice, but in all which I 
have observed, between 52° and 55° F., the creature begins to wake, as 
is shown by the fact that its respirations become visible and at the same 
time its temperature rises rapidly till it has risen to about 60°F., when 
the animal awakes and can run about, then 10 minutes after this poirt 
is reached its temperature is 97° F., which is the normal temperature of 
a dormouse when fully awake. The creature is then completely warm- 
blooded, and until it hybernates again its temperature is constant and 
quite independent of that of the surrounding air. This rise of 40°F. in 
about ten minutes is most extraordinary. Thirdly, when the animal is 
transferred from a cold into a warm room, the temperature of this should 
not be above 52° or 53° F., for even if the creature’s temperature is con- 
siderably below this, it often, when brought into a room of this or a 
higher temperature, makes energetic attempts to attain the waking 
point, as is shown by the fact that its temperature may rise irregularly 
and rapidly. Fourthly, when the creature is brought from a cold into a 
warm room observations on its temperature taken during the first ten 
or fifteen minutes are not of much value, partly because the rise is so 
slight that a mistake of observation of even a small fraction of a degree 
is proportionately a considerable error, and partly because for the first 
few minutes the rise may be irregular. Fifthly, the animal should not 
be placed in a draught, for then its temperature may rise or fall irre- 
gularly. In the experiments detailed at the end of this paper all 
these errors were carefully guarded against. 

The method of experimenting was as follows. The hybernating 
dormouse was carefully weighed. It was then placed on the bottom of 
a thermometer-stand exactly like an ordinary test-tube-stand in which 
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the test-tubes stand mouth upwards except that the holes were only 
large enough to take a thermometer. The bulb of a thermometer was 
left buried in the centre of the ball formed by the hybernating dormouse. 
A number of cubic centimetres of distilled water equal to the weight of 
the dormouse in grammes were then measured into a very thin bright | 
platinum vessel which had been made to hold just about the right 
amount. This vessel with its contained water was placed on the bottom 
of the test-tube-stand as far removed from the dormouse as possible. A 
thermometer was placed in it. The temperature of the surrounding air 
close to the thermometer-stand was observed. All three thermometers 
had been tested beforehand to see that they gave similar readings. 
Sufficient time was allowed for all three thermometers to become steady. 
The thermometer-stand with the dormouse and the water on it were 
then taken into a room of a temperature about 50° F. and the readings 
given by the thermometer which was buried in the dormouse and by 
that in the water were noted from time to time. When that of the 
dormouse was about 50°F. the thermometer-stand was moved back into 
the cold room and the readings were again noted. It is clear that as 
the temperature of the dormouse rose and fell with that of the air, the 
number of degrees an equal weight of distilled water rose or fell divided 
by the number of degrees the temperature of the dormouse rose or fell 
in the same time, will give the specific heat of the dormouse. I have 
done this in the tables, and it will be seen that calculated in this way, 
the specific heat of the dormouse varies between 0°812 and 1°18 so that 
if we set it down at 0°95 we shall probably be very near the mark. 

It is noteworthy that when the thermometer-stand was first brought 
into a warm room the earlier observations always gave a slightly lower 
specific heat for the dormouse than the later ones, because at first the 
rise of the temperature of the animal was, in comparison with the rise of 
that of the water, slightly the faster. The consequent slight increase 
in the creature’s specific heat was often uniform. Thus in the experiment 
No. VI. the first observation gave a specific heat of 0°857; according to 
the second it was 0917; according to the third it was 0°933; and 
according to the fourth it was 1:0. But it must be remembered that 
the specific heat of all bodies increases with the temperature, so that an 
increase in the specific heat of the dormouse is only what we should 
e 

Another noteworthy fact is that if the specific heat was calculated 
from observations made when the thermometer-stand had been removed 
from a warm room into a cold one it was always slightly higher than 
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if calculated from observations made when the stand was brought 
from a cold into a warm room. 

The close agreement of the results recorded in this paper with those 
obtained by calculation from the dead tissues shows, I think, that we 
may safely put down the specific heat of dormice as being slightly 


below that of water. 


There are in these experiments several possible fallacies, but I think 
I shall be able to show that they are unimportant. 

Firstly. It may be that the dormouse when hybernating has not 
completely lost the physiological power of altering its temperature 
independently of the alterations which are due to its cooling or warming 
in accordance with the temperature of the surrounding air. In other 
words, it may be that when fully hybernating it has to some extent the 
power, which it shows markedly when it begins to wake, in virtue of 
which its temperature mounts more quickly than can be explained by 
supposing that the creature is simply warmed by the surrounding air, 
for its temperature rises beyond that of the air. Now if this were so 
the longer the creature was warmed the greater would be the excess of 
its temperature over that of an equal weight of water originally of the 
same temperature as the animal, and warmed under similar conditions 
for an equal time. It would then follow that the specific heat would 
appear less the greater the number of degrees through which the animal 
was warmed. Take experiment II. for example, the temperature of the 
hybernating dormouse and that of an equal bulk of water was 37°F. In 
40 minutes in a room between 51° and 52°F. the temperature of the 
water has risen 8°5° F. and that of the dormouse 9°75° or 1:25° F. more 
than the water. Now if this excess was partly due to the creature 
elevating its own temperature and only in part due to the absorption 
of heat from the atmosphere, 80 minutes from the commencement of the 
experiment the excess of the rise on the part of the dormouse over the 
rise on the part of the water must be more than 1-25° F., in other words 
the specific heat must appear lower than the observation at the end 
of 40 minutes showed. But a reference to the experiment shows that 
at the end of 85 minutes the temperature of the water had risen 12° F. 
and that of the dormouse 13° F., or only 1°F. more than the water, a 
difference actually less than that obtained at the end of 40 minutes and 
giving consequently a higher specific heat. I think we may therefore 
conclude matzshen the hybernating animal is warmed it does not raise 
its own temperature. 

Secondly. It may be urged that the platinum vessel interfered with 
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the direct transmission of heat to the water, the temperature of which 
consequently did not rise as high as it would have done had it been 
possible to dispense with the platinum, and so this unavoidable error 
made the specific heat lower than it should be. This is true, but when 
we remember that platinum is a good conductor, that the platinum foil 
of which the vessel was made was extremely thin, and that the upper 
surface of the water was directly in contact with the warm or cool 
atmosphere by which the water was warmed or cooled, it will be seen 
that this error, which is unavoidable, is so slight that it cannot 
appreciably alter the results obtained. 

Thirdly. The difference of absorbing power between the bright 
surface of the platinum and the dark surface of the dormouse might 
impair the accuracy of the experiment when the animal and the water 
were warmed, and the difference in their emissive power might impair 
it when they were cooled. To settle this point I put a weight of cool 
water equal to the weight of a dormouse in the bright platinum vessel 
and brought it into a warm room and noted the time it took to rise 
through a certain number of degrees. I then repeated the experiment 
under exactly similar conditions except that the platinum vessel was 
lamp-blacked. I found that if the temperature of the water in the 
bright vessel rose 10° F., the same weight of water in the same 
vessel lamp-blacked, when brought into the same room at the same 
temperature rose in the same time 10° F. and a fraction of a degree, 
often so small that it could hardly be detected and certainly never 
exceeding half a degree. No greater difference was noticed if warm 
water was cooled first in a bright vessel and then in the same vessel 
lamp-blacked. When we remember that lamp-black and a brightly 
polished metallic surface are the extremes of absorbing and emissive 
powers it is clear that the difference in absorbing and emissive powers 
between the platinum vessel and the dormouse is very slight. Even 
allowing half a degree in 10, which is I think certainly too much, it 
would only make a very slight difference in the specific heat. For 
example in experiment IV., which I select because the water rose 9°5° F. 
(that is almost 10° F.) if the platinum vessel had been lamp-blacked and 
we allow the full half degree for this circumstance, on this most liberal 
estimate the water would not have risen more than 10° F., which it will 
be seen from the figures would make the specitic heat of the dormouse 
10 instead of 95, as it now stands. We see therefore that probably the 
specific heats obtained from the figures at the end of this paper are 
slightly too low, but certainly the error is not more than 05. 
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Fourthly. I have made no allowance for the specific heat of the pla- 
tinum, but the vessel was so very light and the specific heat of platinum 
is so low that I think I can show that this error may be neglected. The 
specific heat of platinum is 0317 + 0000062 T., therefore the specific 
heat at 13°°C. (55° F.) the highest point reached in the experiments is 
0317 + (0000062 x 13) =-0317806. Now the specific heat of water is 
1 +0003 T.; therefore its specific heat at 13°C. is 10039. Therefore 
while 10039 grammes of platinum at 13°C. cool 1 degree, 00317806 
grammes of water will cool 1 degree. The platinum vessel weighed 


2'785 grammes, therefore for it we must allow moan as — grammes 


of water = "0881 grammes of water = 0881 c.c. of water. It will be seen 
therefore that as a weight of water exactly equal to the weight of the 
dormouse was always employed we always used 0885 c.c. of water too 
much, Therefore had we employed exactly the right amount the tem- 
perature of the water would have risen slightly higher than it really did. 
In the experiments in which 13 cc. of water were employed we ought 
to have used 13 —0881 C. 129119 c.c., so that in an experiment in 
which the temperature of the water rose 9°5° F. (as in experiment IV.) 
if the specific heat of the platinum had been allowed for, the rise of the 


95x13 
129119 F. Then in 


this particular experiment the specific heat would have been = = 956 


temperature of the water would have been 


instead of 95, as it appears. Thus we see that not having allowed for 
the platinum vessel affects the third place of decimals only, and had we 
done so the specific heat would have been slightly higher than actually 
appears. 

Because of these unavoidable fallacies the specific heat obtained by 
this method is only approximately accurate, but I think I have shown 
that the fallacies lead to only a slight error, and that on the whole the 
specific heat calculated from the figures at the end of this paper is 
slightly too low. Probably the results here given are more accurate 
than those obtained by calculating the specific heat of each of the tissues 
of the dead body, and from these results estimating the specific heat 
of the body asa whole. It will be observed that the figures obtained 
by the two methods are in close accord, but that by the method here 
given the specific heat appears higher than when calculated from the 
dead tissues. It is obvious that it is a great advantage to an animal to 
possess a high specific heat. 
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Table of Experiments. 


Experiment I. Jan. 4, 1892. 
Weight of Dormouse 14°25 grammes. 


53°5 


— — — 


Temp. of equal 
Temp. of : Sp. beat from these 
Time. weight of 
10.1 a.m. 40 F. | 
| Both brought into a warm 
room 
10.35 „ | 47 46 7 = 857 
10.55 „ 49 48 | ; = 888 
| 9-5 
11.18 „ | 50% | jos > 904 
1. „ | 58% 1 
| | | 
Expertment II. Jan. 5, 1892. 
Weight of Dormouse 11:1 grammes. 
| Temp. of Temp. of equal | 8 
Time. | p. o icht of Sp. heat from these 
| Dormouse. distilled — | Ggures. 
| 
11.5 am 37 F. 37 F. 
Both brought into a warm 
| room | g. 
11.46 „ 46°75 45°5 = 872 
12.10 pm. | 49 48 175 = 917 
2 
12.30 „ | 50 49 155 = 9923 
Both taken into a cold room 0 
ͤ 80 710 


Temp. 
of room. 4 
| 38 F. 
52 
52 
53 
Temp. 
of room. 
37 F. 
51˙3 
52 
52•˙5 
37 
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Experiment III. 


Jan. 6, 1892. 


Weight of Dormouse 14 grammes. 


| Temp. of 


ual | 
Temp. of a Sp. heat from these Temp. 
Time. ht 
Dormouse. nam on water. | figures. | of room. 
10.12 a.m. 43°5 F. | 43°5 F. 43:2 F 
Both brought into a warm | 
room 3°25 
10.41 „ 47˙5 46°75 7 812 51 
11.25 , | 50 49 95 = 846 52 
Both taken into a cold room | 
12 noon 45 44°75 a3 = 850 42 
12.45 pm. | 44 = 909 42 
Experiment IV. Jan. 7, 1892. 
Weight of Dormouse 13°6 grammes. 
5 
” Temp. of Temp. of equal Sp. heat from these | Temp. 
Time. — figures. | of 
9.11 am 39F. | 39 F. 39 F 
Both brought into a warm 
room 4°25 
8 44 43˙25 75 850 52˙5 
0 | 
47 = +937 53 
49 48:5 10 950 53 
Both taken into a cold room | re 
45 44°75 | 937 
10.50 „ 41°5 40°5 75 
1 40 39 — = 105 37 
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Exrkniuxvr V. Jan. 8, 1892. Weight of Dormouse 13°55 grammes. 


Temp. of equal | 
. Temp. of ; Sp. heat from these Temp. 
9.10 m. F. 375 F. . 
Both brought into a warm | 
room | 4°5 
9.35 „ 43 43 | ER = 818 50 
10 47 41856 ˙25 = 921 50˙5 
10.30 „ 8 4725 xd = 928 B15 
Both taken into a cold room 1 
11.30 „ . | gag 840 37 
| 8-25 
11.50 „ 4075 | 40 aR No 37 
| 25 | 


ExrkRiuxvr VI. Jan. 9, 1892. Weight of Dormouse 13°5 grammes. 


Temp. of 
: Temp. of , Sp. heat from these Temp. 
Time. Dormouse. | figures. | of — 
10.59 a.m. 40F. | 10 F. 40 F. 
Both brought into a warm 
11.15 „ 43˙5 43 35 857 50 
11.40 46 45˙5 —— 917 51 
” | 2 
11.55 „ 47˙5 | 47 = 933 52 
12.30 „ 19˙5 19˙5 52 
Both taken into a cold 
room 
| 55 = 
110 „ 2 % 83118 36 
| 
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ON LACTO-GLOBULIN. By R. T. HEWLETT, M.B., 
Demonstrator of Bacteriology, King’s College, London. 


(From the Physiological Laboratory of King’s College, London.) 


Tuis proteid, lacto-globulin, is described as occurring in milk by J. 
Sebelien“, who states that it has the properties of a globulin and co- 
agulates at a temperature of 7476 C. His method of separating it 
is to saturate milk with sodium chloride, this precipitates the caseinogen 
(casein), which is filtered off. The filtrate is warmed to 35°C. and a 
small precipitate of proteid (which was not examined) is filtered off. 
This filtrate is then saturated with magnesium sulphate and a small 
amount of proteid is precipitated, this is the so-called lacto-globulin. 

Prof. Halliburton’ verified the fact that after the double saturation 
of milk with sodium chloride and magnesium sulphate a precipitate of 
a proteid is obtained. He however considered that this was a small 
amount of lact-albumin which was precipitated by the double saturation 
with the two salts, just as serum-albumin is precipitated by double 
saturation with magnesium sulphate and sodium sulphate and also with 
magnesium sulphate and sodium chloride. 

Sebelien“ in a later paper affirmed the correctness of his results 
and maintained that lacto-globulin does exist. 


1 Zeitsch. f. physiolog. Chem, Ix., and Maly’s Jahresb. Vol. xv. p. 184 (abst.). 

This Journal, Vol. XI. p. 459. 

bid. Vol. xu. p. 95. Prof. Halliburton wishes me to say that Sebelien 
has somewhat misunderstood him in this connection. He makes the following state- 
ment :—‘* Halliburton's reason for thinking that I have been misled as to the presence 
of globulin is this, that albumin is precipitated by the salt MgSO,. Na, S0. 6H, O on satu- 
rating with this salt, and that this salt must have been formed when I saturated the solution 
with both NaCl and MgSO,. While admitting that part of the NaCl could have formed 
with part of the MgSO, some Na,SO,, it appears doubtful to me whether a saturated solu- 
tion of the said double salt could have been obtained. What Prof. Halliburton meant 
was that double saturation with MgSO, and NaCl might probably form a double salt in 
which NaCl would take the place of Na,SO, in the above formula. Whether such a salt 
exists or no is uncertain. It is however certain that double saturation with MgSO, and 


q 
2 


LACTO-GLOBULIN. 799 


To attempt the solution of this question, the existence or non- 
existence of lacto-globulin, the present research was undertaken at the 
suggestion and under the direction of Prof. Halliburton. 

There is no doubt that a small amount of proteid is precipitated by 
the double saturation of milk with magnesium sulphate and sodium 
chloride. It is immaterial which salt is used first, the only point being 
that this proteid precipitate is more abundant when the saturation is 
commenced with magnesium sulphate. 

The precipitate thus produced, after washing with a saturated solu- 
tion of magnesium sulphate plus sodium chloride, is dissolved on the 
addition of water and is again precipitated from its solution by satura- 
tion with magnesium sulphate, by acidifying with acetic acid, and by 
dialysis. 

Moreover, on saturating milk with magnesium sulphate or sodium 
chloride, filtering off the precipitated caseinogen, acidifying the filtrate 
and precipitating the remaining proteid by saturation with ammonium 
sulphate, washing, and redissolving this precipitate in water and dialysing 
this solution, a small precipitate is obtained. 

So far, the presence of a globulin is indicated and 5 ebelien’s results 
confirmed. 

It was found, however, that after the double saturation of milk with 
the two salts, magnesium sulphate and sodium chloride, filtering off the 
precipitate of so-called lacto-globulin, acidifying and saturating the 
filtrate with ammonium sulphate, washing, and dissolving the precipi- 
tated lact-albumin in water and dialysing its solution, a small amount 
of proteid was precipitated, which, on being redissolved in dilute salt 
solution, was again precipitated on dialysis. 

Another experiment was as follows:—Milk was saturated at the 
temperature of the laboratory (about 14°C.) with magnesium sulphate. 
The caseinogen was filtered off and the filtrate again saturated at 30° C. 
with magnesium sulphate. There was an abundant precipitate, which 
was filtered off and the filtrate saturated with sodium chloride. A small 
amount of proteid was precipitated, which after washing was redissolved 
and its solution on dialysis yielded a precipitate. 

From these experiments it would seem that this proteid, the so-called 


NaCl will precipitate serum-albumin, and it did not therefore seem improbable that the 
same would be true for lact-albumin. I have however put it to the test and found that 
saturation of a solution of pure lact-albumin with MgSO, and NaCl does not precipitate 
lact-albumin at all. The order of saturation with the two salts makes uo difference in this 
respect, 
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lacto-globulin, differs from most globulins in that it is with great 
difficulty completely precipitated by saturation with neutral salts’. 

Two other explanations presented themselves, viz. that this proteid 
was a small quantity of caseinogen which escaped precipitation on satu- 
ration with one salt only, or that it was a small quantity of lact-albumin, 
as suggested by Halliburton. 

The latter is not tenable, for on dialysing a solution of lact-albumin 
only a very small precipitate of proteid occurs; even when the solution 
is concentrated, a large quantity of lact-albumin always remains in 
solution after prolonged dialysis. If the proteid precipitated by double 
saturation of milk were lact-albumin, on redissolving it and dialysing 
the solution, which is now a weak one, no precipitate would occur. 
(See also foot-note 3, p. 1.) 

That the precipitate, under some conditions, is caseinogen is quite 
certain, for on treating it with powdered calcium carbonate and water, 
allowing the mixture to stand for twenty-four hours, pouring off the 
clear supernatant liquid and adding to this a trace of calcium chloride 
and a drop of rennet, a clot of casein forms*. Moreover no floceuli form 
on boiling. The liquid becomes opalescent on heating, but this dis- 
appears on cooling. The precipitate on dialysing lact-albumin also 
seems to be a remaining trace of caseinogen. Another point of interest 
is that with this small precipitate of caseinogen after the double satura- 
tion with the two salts, magnesium sulphate and sodium chloride, there is 
an insoluble precipitate of inorganic matter, chiefly consisting of calcium 
sulphate. It would have been expected that this precipitate of calcium 
sulphate would have been more abundant when the order of saturation 
with the salts was sodium chloride first and magnesium sulphate second. 
As a matter of fact however the calcium sulphate was more abundant 
when the saturation was in the reverse order, viz, magnesium sulphate 
first, and the proteid precipitate is also more abundant in this case. 
The amount of calcium sulphate indeed seems to vary with the amount 
of the proteid precipitate. 

A possible explanation of these facts is, that a small proportion of 
the caseinogen in milk is intimately associated with the calcium salts 
and is not precipitated on saturation with a single neutral salt. On 


The production of turbidity in dialysed liquids by bacterial action, simulating the 
precipitation of proteid, was carefully borne in mind, It was avoided by the addition of 
thymol to the proteid solutions, and in some experiments by dialysing into chloroform 
water. 

* Ringer’s method (This Journal, x1. p. 473.). I have also but not so constantly 
obtained the same result by Hammarsten’s method (lime-water and phosphoric acid). 
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double saturation, however, the association between this small amount of 
caseinogen and the calcium salts is broken up, and the caseinogen is 
precipitated together with calcium sulphate formed by the action of the 
magnesium sulphate on the calcium salts. 

Up to this point Sebelien’s directions had not been implicitly 
followed, the warming to 35°C. after saturation with sodium chloride 
having been omitted. Further experiments were now performed follow- 
ing his directions closely. 

At first no result was obtained. Employing about a quart of milk as 
in previous experiments, saturating with sodium chloride, filtering off 
the caseinogen, warming the filtrate to 35°C. and filtering off a small 
precipitate of proteid, and saturating this filtrate with magnesium sul- 
phate, the final precipitate was too little to collect. By using a gallon 
(about five litres) of milk at a time, however, sufficient was obtained to 
work with; from this quantity enough to cover the bottom of a small 
test-tube is obtainable. This final precipitate is soluble in dilute 
saline solutions and is precipitated again on dialysis. After repeated 
washing with distilled water until the washings contained no trace of 
proteid, its solution in dilute sodium chloride solution is coagulated 
on boiling. Two attempts were made to obtain a clot with rennet by 
Ringer's method but both failed. This precipitate then differs from 
the precipitate previously dealt with, and possesses the properties of a 
globulin. This confirms Sebelien’s observations, and the presence of 
a very small quantity of a globulin in milk must be admitted. 

With regard to the proteid precipitated by warming to 35°C. after 
saturation with sodium chloride, this I believe is the small amount of 
caseinogen which in the earlier experiments was precipitated after 
double saturation with the two salts. As obtained now, it seems to be 
practically insoluble,refusing to dissolve in both neutral and alkaline saline 
solutions, in lime water, and in water containing calcium chloride. While 
preparing pure caseinogen, it has happened to me on two or three 
occasions that after one or two precipitations the caseinogen for some 
reason or other becomes quite insoluble either in neutral or alkaline 
saline solutions, solutions containing calcium salts, etc. There is then a 
striking resemblance between this proteid precipitated on warming to 
35° C. and caseinogen as obtained under some circumstances. Moreover, 
the earlier experiments prove that the whole of the caseinogen is not 
precipitated on saturation with sodium chloride, the remainder coming 
down on saturating with magnesium sulphate, while if after saturation 
with sodium chloride the liquid be warmed, then filtered and the filtrate 
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saturated with magnesium sulphate, no caseinogen is obtained. It 
seems fair to presume that this proteid precipitated on warming is the 
caseinogen still remaining in solution after saturation with sodium 
chloride. 


General Conclusions. 


1. Sodium chloride is a more perfect precipitant of caseinogen than 
magnesium sulphate. 

2. Caseinogen in milk is not completely precipitated by saturation 
with either sodium chloride or magnesium sulphate, a small quantity 
remaining in solution and precipitable by warming to 35°C. or by 
saturation with a second neutral salt. 

3. Possibly, this residual caseinogen is more intimately associated 
with the calcium salts in milk than the rest of the caseinogen. 

4. A very small quantity of a proteid having the properties of a 
globulin seems to be present in milk as stated by J. Sebelien. 

5. In order to prepare pure lact-albumin it is necessary to dialyse 
its solution for some time to precipitate remaining traces of caseinogen 
and globulin. 
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DOES BONE CONTAIN MUCIN? By R A. YOUNG, B.Sc., 
Senior Demonstrator of Physiology and Biology, Middlesex Hospital 
Medical School. 


(From the Physiological Laboratory, King’s College, London.) 


THE organic constituents of osseous tissue consist of 

(a) ossein or collagen: this is the most abundant. 

(b) elastin or a substance which resembles elastin very closely in 
its solubilities. The thin membrane lining the Haversian canals, lacunae 
and canaliculi appears to be formed of this material. Brösicke con- 
sidered that this substance was composed of keratin, but H. E. Smith' 
has conclusively shown that this is not the case. 

(e) Proteids and Nuclein ; from the cells. 

(d) Small quantities of fat, 

So far as I have been able to discover, it does not appear that any 
search has been made for mucin in bone, though it is a constant con- 
stituent of other connective tissues. 

v. Ebner“ has shown that the decussating fibres of Sharpey are 
closely analogous to connective tissue fibres and that they are not 
calcified; the deposit of calcareous material being confined to the 
matrix in which they are embedded. 

In view of these observations it appeared especially necessary to 
investigate the question whether the matrix is completely ealcified or 
not, and this may be most readily solved by ascertaining whether mucin, 
the most abundant constituent of the uncalcified matrix or ground- 
substance of connective tissue is present or absent. 

Accordingly the following experiments were performed under Prof. 
Halliburton’s superintendence. 

The dense compact tissue of bone was in each case used, (care being 
to strip off all the periosteum), and not the spongy cancellous bone, as 


1 Zeit. Biol. xxx. 469. 
2 Archiv f. mikr. Anat. Bd. xx1x. 1887. 
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it is very difficult to free the latter from admixture with fat and marrow 
and it has been shown by Rustitzky' that the marrow of some bones 
yields mucin. 7 

The bone was used either in the form of fine shavings, or in powder 
and was covered with a large excess of lime water, or dilute Baryta water, 
prepared by mixing one part of saturated solution of Barium hydrate 
with four parts of distilled water. 

The mixture was left for 3 or 4 days (being frequently stirred) and 
then filtered off; the filtrate was then treated with acetic acid of various 
strengths, 


Experiment I. 5 grammes of coarse shavings from the dense bone of the 
shaft of the tibia of an ox were taken and covered with a mixture of 100 c.c. 
Baryta water and 400 C. c. distilled water. 

This was allowed to stand 3 days and then filtered. Acetic acid was then 
added to the filtrate, but no precipitate was obtained. 

A second extraction was then made with the same result. 


EXPERIMENT II. 6˙5 grammes of fine powder from the same bone were 
taken, and covered with 500 c.c. of lime-water and allowed to stand for four 
days, when the mixture was filtered. 

The filtrate was quite clear; 40 C. c. of glacial acetic acid were then added, 
but no precipitate came down. 


ExpermMeEnNT III. 3 grammes of fine shavings from the same bone were 
covered with 100 c. c. of diluted Baryta water, of the same strength as above; 
and allowed to stand for 3 days and then filtered off. 

The filtrate was divided into 3 equal parts of 30 C. c. each. 

To (1) was added 15 c.. of 10°/, acetic acid 

(2) „ „ 30 C. of 10% „ ” 
. %% 

In each case, the liquid remained quite clear, without any trace of a 
precipitate. 

Experiment IV. 2-5 grammes of fine powder from membrane bones (the 
parietals and frontals of a sheep) were covered with 100 c. c. of lime water, and 
allowed to stand for four days and then filtered off. 

The filtrate was divided into 2 parts 

(1) of 45 c. c. to which was added 15 C. c. glacial acetic acid. 
(2) of 40 c. c. to which was added 80 c. e. of 10% acetic acid. 
No precipitate came down in either case. 


Rustitzky, Centralblatt, f. d. med, Wissenschaft, 1872, p. 562. 
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Experiment V. 8 grammes of shavings from the femur of a pig were 
covered with 250 c. e. of lime water and filtered off after three days. 

200 c.c. of the filtrate were taken. 

(1) To 100c.c. were added 10c.c. of glacial acetic acid 

(2) To 50cc. „ „  25ec. of 10% 8 

(3) To 50cc. „ „ „ 

No precipitate in any case. 


Experiment VI. II grammes of shavings from the tibia and fibula of the 
calf were covered with 500 c. c. of diluted Baryta water, and allowed to stand 
for 5 days, and then filtered. 

400 c.c. of the filtrate were taken and divided into 2 equal parts of 200 0. o. 
each. 

To (1) was added 10 c. c. glacial acetic acid 
To (2) „ „  100cc. 10% acetic acid. 

No precipitate in either case. f 

These experiments show that ordinary compact bone unlike the other 
forms of connective tissue, contains no mucin, and that in the process of 


ossification, the connective tissue matrix is apparently completely calci- 
fied. 


PH. XIII. 52 
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THE PROTEIDS OF KIDNEY AND LIVER CELLS. 
By W. D. HALLIBURTON, M_D., F.R.S., Professor of Physio- 


logy, King’s College, London. 


(From the Physiological Laboratory, King’s College, London.) 


DuRING the last few years, the attention of physiological chemists has 
been very largely directed to the chemistry of the animal cell, and of its 
nucleus. They have shown that from the protoplasm of the cell it is 
possible to separate various proteids mostly belonging to the globulin 
and nucleo-albumin groups. Small quantities of lecithin, cholesterin, 
and inorganic salts have also been found constantly present’. The 
composition, varieties, and decomposition products of the highly phos- 
phorised albuminoid constituents of the nucleus included under the 
name nuclein have been the subjects of other investigations’. 

In 1887 and following years I published a series of papers on the 
proteids of lymph cells obtained principally from lymphatic glands’. 
These cells as typical animal cells appeared to be best suited for ascer- 
taining the nature of the proteids which are obtainable from unaltered 
protoplasm. Since that time I have been working in the same direction, 
and principally by the same methods in order to discover whether any 
differences exist between these cells, and those more specialised masses 
of protoplasm that are contained in various cellular organs. I have de- 
voted special attention to the proteids of the thymus, liver, kidney and 
nervous tissues. The investigation has proved to be one that has taken 
longer than was anticipated, and the present contribution relates only to 
the proteids contained in the cells of the kidney and liver. It would no 
doubt be more correct to use the expression ‘obtainable from,’ in place 


See Kossel. Du Bois-Reymond’s Archiv, 1891, 181. 
Altmann. ibid. 1888, p. 524. Kossel. Zeit. physiol. Chem. Xn. 396, 432. Ber. 
d. deutsch. chem. Ges. xx. 3356, 


* British Assoc. Reports 1887, 1888, 1889. Proc. Roy. Soc. XIAv. 255. This Journal, 
rx. 229. 
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of ‘contained in’ in the previous sentence. Our methods of investiga- 
tion are not at present sufficiently perfect to enable one to experiment 
with protoplasm in the living condition; all we can do is to obtain the 
cells in a fresh condition, and use reagents which there is reason to 
believe produce as little change as possible in their composition. 
During the progress of the research I have been greatly helped by 
various workers, and to all of these I give my heartiest thanks. I would 
especially mention Mr F. V. Bunch, who performed with the greatest 
care and diligence the greater number of the experiments on heat co- 
agulation in the physiological laboratory, University College, London ; 
Miss D. Marshall, B.Sc. who carried out many of the phosphorus 
estimations under Dr Plimpton’s superintendence in the chemical 
laboratory, University College, London; Mr H. Jackson, Demonstrator 
of Chemistry at King’s College, to whom I owe much valuable advice and 
assistance, and Mr T. G. Brodie, Demonstrator of Physiology at King’s 
College, who has been a constant help in many ways during the last 


It will be convenient to describe the results of the investigation 
under the two main headings, kidney and liver; and in conclusion it 


will be possible to compare the two organs, and state in general terms 
the main results arrived at. 


A. Tue Prorerps or Kipney CELLS. 


The kidneys used have been in the main those of the cat. In a few 
cases I have also employed those of the dog, sheep and rabbit. The 
animal having been killed by chloroform, a cannula was rapidly 
inserted into the descending aorta, and the blood washed out by a 
vigorous stream of salt solution (0°6 per cent. sodium chloride). The 
saline solution was allowed to flow until the washings from the vena 
cava inferior came through colourless, and the organs under investiga- 
tion had been rendered pale. The kidneys were then rapidly removed, 
stripped of their capsules, and divided finely; the small pieces were then 
extracted with saline solutions of various strengths, and the proteids 
which passed into solution were examined by the methods of fractional 
heat coagulation, saturation with neutral salts, and so forth. In some 
of the earlier experiments the connective tissue was got rid of by crush- 
ing the organ and squeezing it through calico. The cells passed through, 
and blood vessels and connective tissue remained behind. The cells were 
then rapidly washed with normal saline solution, the centrifuge bemg 
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employed to hasten the process, and they were subsequently extracted 
with those saline solutions which it was found best to use for the purpose 
of dissolving out the proteids from them. The results obtained were, 
however, practically the same whether the precaution of removing the 
connective tissue was adopted or not; the proportion of cells to inter- 
stitial tissue being so great. 

In cases where for analytical purposes it was necessary to obtain 
large supplies of material, I used sheep’s kidneys obtained from the 
slaughter-house within a few hours after the animals had been killed. 
It was not practicable in these experiments to wash out the blood by 
injection of salt solution; but the blood was washed out as well as 
possible by kneading the organ, after it had been chopped small, in 
successive quantities of normal salt solution. 

It will be convenient to describe the experiments and results under 
the following heads. | 

1. Reaction of kidney substance. 

2. The Proteids extracted from kidney cells by dilute salt solution. 

3. Kidney nucleo-albumin. 

4. Does the kidney contain other proteids ? 


1. Reaction of kidney substance. 


The kidney substance, when examined as soon as possible after death, 
having been freed from blood by injection of salt solution and from 
lymph and urine by kneading in neutral salt solution, is alkaline. With- 
in a short time, especially if it is kept at a warm temperature, it becomes 
acid from the development of lactic acid (identified by Uffelmann’s 
colour reaction’), and when putrefaction sets in, it once more becomes 
alkaline. This is the case with most cellular tissues of the body. 

Liebermann’ having recently stated that normal kidney tissue is 
acid, I was led to repeat the experiments on which the statements in 
the above paragraph are founded. My results were however the same 
as before. The kidneys obtained from the slaughter-house were slightly 
acid as a rule, in spite of adherent blood and lymph. The fresh tissue 
was always alkaline. This is true both for the cat (an instance of an 
animal with acid urine) and for the rabbit (taken as an example of an 
animal with alkaline urine). 

I give below the details of an experiment which will serve as an 
example. Five others were performed with corresponding results. 


1 Zeit. f. Klin. Med. vm. p. 892. 
2 Pfliiger’s Archiv, 1. p. 55. 
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Cats’ kidneys. The kidneys freed from blood by an injection of saline 
solution, were chopped finely and the pieces thoroughly kneaded in neutral 
salt solution to free them from adherent lymph or urine. A number of 
small pieces both from the cortex and medulla were squeezed against neutral 
glazed litmus paper, and were found alkaline. Some were then kept in a 
closed vessel at the temperature of the air (11°5°C.) and others in a warm 
bath at the temperature of 30°C. Observations on their reaction were made 
from time to time iran the following results :— 


Reaction of kidney substance. 


Time Cortex Medulla 
kept at 11-5 . kept at 30°C. kept at 11°5°C. | kept at 30°C. 

10°55 alkaline alkaline alkaline alkaline 
1115 alkaline alkaline alkaline neutral 
11°30 alkaline alkaline alkaline neutral 
11°45 alkaline alkaline neutral neutral 
12°0 alkaline neutral neutral acid 
12°15 alkaline acid acid acid 
12°30 neutral acid acid acid 

10 acid acid acid acid 


The medullary portion of the kidney thus became acid more rapidly than 
the cortex, and in both cases it occurred more rapidly at the higher tempera- 
ture, 

2. The proteids extracted from kidney cells by dilute salt 
solutions. 

It was found necessary to use dilute saline solutions in order to 
extract the proteids from the kidney, as increase in the quantity of salt 
rendered the globulins insoluble to a large extent, and also caused such 
a viscid mass from the swelling of the nucleo-albumin presently to be 
described, that filtration was rendered difficult or impossible. 

In order to obtain a preliminary guidance to the number of proteids 
present, fractional heat coagulation was performed with the precautions 
I have previously described’. I give below the details of a number of 
experiments“. 


I. Rabbits’ kidneys. Freed from blood and chopped small in the manner 
already described. Extracted with 5 per cent. solution of magnesium sulphate 


1 This Journal, Vol. v. p. 152 et seq. 
* Copied almost verbatim from Mr B unch’s note-book, 
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and filtered. The extract was slightly opalescent; its reaction was alkaline. 
It was rendered faintly acid by 2 per cent. acetic acid, and heated in a water 
bath. 

At 50° the opalescence was greatly increased. The liquid was heated to 
53°, when floceuli separated out and were filtered off. The filtrate was clear 
and on heating to 60° it became opalescent: flocculi separated out at 63° ; 
these were filtered off; the filtrate still contained proteid, as on boiling it 
became opalescent, but no flocculi formed. 

The remainder of the extract was saturated with magnesium sulphate ; 
an abundant precipitate was produced ; this was filtered off, and the filtrate 
did not become opalescent till the temperature of 90°—100° was reached. 
No flocculi separated out, and the quantity of albumin in the filtrate was 
thus almost negligible. The proteid present in the original extract had thus 
been precipitated by the magnesium sulphate. This precipitate was washed 
with a saturated solution of that salt, and redissolved by the addition of 
distilled water. This solution gave on heating a precipitate at 50°—54°; 
this was filtered off, and the filtrate gave a precipitate at 62°—64°. On 
filtering off this second precipitate no proteid remained in solution. 

Another portion of the solution subjected to dialysis gave an abundant 
precipitate, 

This first experiment thus showed that the proteids in solution were 
two in number and that they had the properties of globulins. The 
amount of albumin was so small that it might have been due to ad- 
mixture with lymph. Having given this first experiment in full, the 
accounts of the subsequent experiments will be understood if given 
rather more shortly. 


II. Cats’ kidneys. Extracted with 5 per cent. magnesium sulphate 
solution. Fractional heat coagulation again showed the presence of two 
proteids ; the first separating out at 50°—52°, the second at 60°—68". 

The rest of the extract being saturated with magnesium sulphate, a 
precipitate of proteid occurred. The filtrate contained the merest trace of 
albumin. The magnesium sulphate precipitate after being redissolved was 
separable by fractional heat coagulation into two proteids, the first coagu- 
lating at 52° the second at 65°. 

III. Cats’ kidneys. Extracted with magnesium sulphate (5 per cent.) solu- 
tion. A note is made that the blood was only imperfectly washed out from 
these kidneys; this probably explains the greater quantity of albumin present. 
_ The extract gave precipitates at 

(1) 52° 

(2) 58°—65° 

(3) 70° (very slight) 

(4) above 80° (mere opalescence). 
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The magnesium sulphate precipitate consisted of two proteids evidently 
corresponding to (1) and (2) in the above list, the temperatures of coagula- 
tion being 

(1) 52° 

(2) 58°—65° 
The filtrate after saturation with magnesium sulphate contained albumin 
corresponding to (3) and (4) in the above list 

(3) 70° 

(4) 80° 
and their presence is perfectly well explained by the presence of blood. 

IV. Dogs’ kidneys. Extracted with 5 per cent. solution of magnesium 
sulphate. 

The extract gave precipitates at 

(1) 52° 
(2) 60°—65°. 

The rest of the extract was saturated with magnesium sulphate and 
filtered. The filtrate contained no proteid showing entire absence of albumin. 
The precipitate produced by magnesium sulphate was redissolved by the 
addition of water. It gave precipitates at (1) 54°; (2) 58°—65°. 

V. Cats’ kidneys. Extracted with 5 per cent. solution of magnesium 
sulphate; the extract was rejected; the residue was then extracted again 
with the same solution, This appeared to be a sure means of getting rid of 
all blood and lymph. The second extract gave precipitates at 52° and 62° ; 
the remainder of the extract was saturated with magnesium sulphate and 
filtered. The filtrate contained no albumin. 

VI. Cats’ kidneys. Above experiment repeated. The extract gave 
precipitates at 55° and 63°—65°. No albumin was present. 

VII. Cats’ kidneys. 10 per cent. sodium chloride extract. Coagulation 
temperatures 58° and 70°. 

VIII. Cats’ kidneys. 5 per cent. sodium sulphate extract: coagulation 
temperatures 58° and 70°. 

IX. Cats’ kidneys. 10 per cent. sodium chloride extract. Oomplete 
saturation of this by sodium chloride caused complete precipitation of the 
globulins. There was a mere trace of albumin in the filtrate. 

X. Rabbits’ kidneys. Aqueous extract. This gave precipitates at 
54° and 67. 

These experiments indicate the existence in the extracts of kidney 

cells of two proteids; the coagulation temperature of these varies some- 
what, and is especially high in sodium chloride and sodium sulphate 
extracts. Taking, however, as a standard, a 5 per cent. magnesium 
sulphate solution which is that I most frequently use, the following 
table summarises the results obtained. 
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Experiment Ist precipitate | 2nd precipitate 

I. Rabbits’ kidneys 50—53° 60—63° 

II. Cats’ 50—52° 60—-68° 

III. Cats’ 52° 58—65° 

IV. Dogs’ 55 52—54° 58—65° 
V. Cats’ 9 52° 62° 

VI. Cats’ 55° 63—65° 
X. Rabbits’ „ (aqueous extract) 54° 67° 
Average 52° 63° 


Of the two proteids that coagulating at the lower temperature is the 
more abundant. 

The experiments further show that these two proteids resemble 
globulins in being precipitated by saturation with neutral salts like 
sodium chloride or magnesium sulphate. The question will be later 
discussed whether they are true globulins or nucleo-albumins. Certainly 
albumin is absent, if all the blood and lymph be thoroughly removed 
from the organ. 

The method of fractional heat coagulation for the separation of 
proteids is one which has been severely criticised by Haycraft and 
Duggan’; it has however been defended by Corin and Berard’, 
Corin and Ansiaux’, Fredericq‘, Chittenden and Osborne’, and 
Hewlett“. Having had the opportunity of seeing many of Mr 
Hewlett’s experiments, I feel that the method is one capable of 
yielding valuable results, Though there are many factors that influence 
the temperature of coagulation of proteids, yet when the conditions 
under which comparative experiments are performed are the same, the 
coagulation temperature is remarkably constant. I always endeavour 
to secure such uniformity by using the same solvent, and one possessing 
a slight though constant grade of acidity. If two proteid solutions 
agree in all their characters but their coagulation temperature, one would 
not be justified from this single difference to infer that the two proteids 
were not identical. It would not at any rate be conclusive to draw 


1 Proc. Roy. Soc. Edin. 1888—9, p. 361. 

2 Arch. de Biol. Vol. . 1889. 

3 Bull. de Vacad. royale de Belgique 3™ sér. T. XXI. no. 3, 1891. 

4 Centralb. f. Physiol. Bd. m. 1890, pp. 601, 633. 

5 Proteids of the Maize Kernel. Amer. Chem. Jl. Vol. XIII. nos. 7 and 8; Xv. no. 1. 
Proc. Physiol. Soc. 1892. p. Av. 
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such an inference unless other differences could be shown to exist 
between them. Are such other differences present between the two 
proteids of the kidney cells? There are such differences, and these 
may be taken under the four following heads : 

1. They behave differently to the neutral salts employed in their 
precipitation. Sodium chloride precipitates the proteid with lower 
coagulation point more readily than that with the higher. Complete 
saturation with this salt is however necessary to ensure complete 
precipitation of both. Magnesium sulphate behaves somewhat similarly, 
and as complete saturation is not necessary for the precipitation of the 
first proteid it lends itself better for a quantitative examination of the 
question. The method adopted is to take measured quantities of the 
extract and add different amounts of the salt to each. The precipitate 
so produced is examined, and so is the filtrate in each case, 

Precipitation does not begin until 30 grammes of magnesium 
sulphate are added to each 100 c.c. of solution. This precipitate 
consists entirely of the first proteid (i.e. the one coagulating at 52° C.). 
The precipitation is incomplete, as the filtrate still contains a good deal 
of the same proteid. The precipitation of the second proteid does not 
begin until 45 to 50 grammes of the salt are added. When the 
percentage of salt reaches 90-95, the precipitation of the first proteid is 
complete; a good deal of the second proteid still remains in solution, 
and this is not all precipitated until the solution is fully saturated with 
the salt. 

2. When an extract of the cells is fully saturated with magnesium 
sulphate, the precipitate is a loose flocculent one, and readily removable 
by filtration. When saturation is not complete, it is more difficult to 
filter off the precipitate, as it is somewhat viscous. This viscosity is not 
produced when one uses a solution of the first proteid which can be 
obtained free from the second proteid by fractional precipitation with 
magnesium sulphate as just described. The viscous condition is there- 
fore due to the presence of the second proteid, and thus we have a 
further difference between the two proteids. 

3. They behave differently in the readiness by which they are 
precipitated by acetic acid. A few drops of 2 per cent. acetic acid 
added to the saline extract of kidney cells produces a marked opalescence 
very readily. On standing this becomes a flocculent, somewhat stringy 
precipitate which settles to the bottom of the test-tube. It is soluble 
though not readily so in excess of acetic acid. After the first proteid 
has been separated from the extract by heating to 52° and filtering 
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acetic acid added to the filtrate still gives the same opalescence, and 
the precipitate which settles on standing is as abundant as in the 
original extract. A solution of the first proteid, however (obtained as 
just described by fractional precipitation with magnesium sulphate), 
does not behave in this way. There is a slight opalescence on adding a 
comparatively large quantity of the dilute acid which readily dissolves 
in excess of that reagent, but I never obtained a flocculent precipitate 
on allowing the mixture to stand. 

The first proteid behaves in fact to acetic acid as globulins do, the 
second like nucleo-albumins. 

4. Analysis confirmed this supposition, On submitting the first 
proteid to gastric digestion, it dissolves, leaving practically no residue, 
The mixture of the two proteids, however, gives a considerable residue 
of nuclein. The first proteid contains no phosphorus; the mixture of 
the two yields an appreciable amount. The particulars of the experi- 
ment on which the foregoing statement rests are as follows :— 


A considerable quantity of 5 per cent. magnesium sulphate extract of 
cats’ kidneys was heated to 54°, and the resulting coagulum (a) filtered off. 
The filtrate was heated to 70°, and the resulting coagulum collected (6). 

A second quantity of the same extract was at once heated to 70°, and the 
coagulum collected (c). This would contain the heat coagulum of both 
proteids. 

Each precipitate was well washed with cold alcohol, hot alcohol, cold 
ether and boiling ether to remove fats, lecithin and cholesterin. It was then 
treated repeatedly with large quantities of 0:1 per cent. hydrochloric acid 
to remove inorganic phosphates, and finally washed with water, and alcohol. 
It was then dried at 100° to constant weight and weighed; and was ready 
for testing for phosphorus ; the method adopted was the following: 

i. It was dissolved by heat in nitric acid, a little fuming nitric acid 
being added to assist oxidation. 

ii, This was evaporated down to a small bulk in a porcelain capsule, 
and then 1 to 2¢.c. of pure sulphuric acid diluted with twice as much water, 
cautiously added. 

iii. The evaporation was continued on the water bath, and a little 
potassium chlorate in powder carefully added. 

iv. Evaporation was carefully continued till the mixture was nearly dry. 
When this is the case it blackens, and the sulphuric acid fumes. 

v. More nitric acid was added, the evaporation continued, and again 
potassium chlorate added. This partially bleaches the solution. Heating 
was continued till chlorine peroxide fumes ceased to come off. 

vi. The whole was then washed into a clean beaker with distilled water, 
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and an equal bulk or a little more of ammonium nitromolybdate solution 
added, and the mixture heated for some hours on the water bath. 

It should be added that the reagents employed were all carefully tested 
for phosphorus with negative results. 

The solution of precipitate (a) gave after this treatment no trace of 
precipitate with ammonium molybdate; whereas both (ö) and (e) gave a 
small amount of a yellow crystalline precipitate. The amount of a, ö, and 
o originally taken was about half a gramme. The experiment was however 
a qualitative not a quantitative one. Other methods were subsequently 
found by which the nucleo-albumin can be prepared more readily and in 
greater purity, and quantitative experiments were then made. 


The results of this section may be summed up as follows :— 

1. A saline (5 per cent. Magnesium sulphate) extract of kidney 
cells contains two protęids. 

2. The first is a globulin which is coagulated by a temperature of 
52°C. It is completed, precipitated from such a solution by saturation 
with sodium chloride, or by the addition of 90 grammes magnesium 
sulphate per 100 Cc. of the solution. It contains no phosphorus, and on 
gastric digestion yields no insoluble residue of nuclein. It may be 
called kidney globulin. : 

3. The second is a nucleo-albumin. It is coagulated by a tempe- 
rature of 63°C, It is readily precipitated by weak acetic acid, the 
precipitate being soluble with difficulty in excess of acetic acid. It is 
rendered viscous by the addition of large quantities of magnesium 
sulphate or sodium chloride, and is precipitated by the complete 
saturation of its solutions with those salts. On gastric digestion it 
yields an insoluble residue of nuclein. On analysis it is found to 
contain phosphorus. The thethods so far described do not enable us to 
obtain this substance in a state of purity, unless the condition of a heat 
coagulum be counted as such. The preparation and properties of this 
substance must therefore be investigated by other methods, and this 
will form the subject of the next section. 


3. Kidney Nucleo-albumin. 


The method which I have previously described for preparing the 
nucleo-albumin from lymph cells“ is found to yield good results when 
applied to kidney cells. 

The kidneys freed from blood and lymph as previously described are 


1 Brit. Assoc, Reports, 1888. 
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cut into small pieces and then ground up in a mortar with about an 
equal amount of powdered salt. Sodium chloride, magnesium sulphate, 
or sodium sulphate’ act equally well, but I have generally employed 
sodium chloride. A small quantity of distilled water is added, and the 
whole thoroughly mixed; the resulting mass is exceedingly viscid. 
This mucinoid mixture is then poured into a tall vessel containing 
water, the globulin is precipitated in a finely flocculent condition and 
falls to the bottom of the water with the residue of the pieces of 
kidney substance; the nucleo-albumin is precipitated throughout the 
water in the form of cohesive strings, which very rapidly contract, and 
finally collect in sticky lumps which float upon the surface of the water. 
These are collected and thoroughly washed with large quantities of 
water. They can then be dissolved, and their properties investigated. 
The solvent I usually employed was a 1 per cent. solution of sodium 
carbonate. For analytical purposes, it was necessary to free the 
material from fat, lecithin and cholesterin. This is done by thorough 
exhaustion with hot and cold alcohol and ether. The amount of lecithin 
thus obtained was by no means inconsiderable. 

Another method of preparing the nucleo-albumin is that originally 
used by Wooldridge’ in the preparation of what he termed ‘tissue- 
fibrinogen.’ Wooldridge’s tissue-fibrinogens have in recent years been 
the subject of numerous papers by Wright’. This observer has fully 
confirmed my bypothesis‘ that the chief constituent of tissue-fibrinogen 
is nucleo-albumin ; and Pekelharing® has arrived at the same result. 

Wooldridge’s method is an exceedingly simple one, though it 
takes longer than my sodium chloride method. The finely divided 
organ is extracted for about 24 hours with distilled water. The extract 
is poured off from the residue, and to it weak acetic acid is added. 
The amount of acid is 0°5 c.c. of 33 per cent. acetic acid to every 100 ce. 
of the extract. The immediate result of the addition of the acid is 
a dense cloudiness ; after 12-24 hours’ standing a flocculent precipitate 
separates out and falls to the bottom of the vessel. This is washed by 
decantation with water to which a little acetic acid has been added, and 
finally collected on a filter and again washed with acidulated water, 


Sodium sulphate does not act in this way with lymph cells. It causes no swelling of 
the nucleo-albumin obtained from that source. 

2 Du Bois-Reymond’s Archiv, 1886, p. 397. 

3 Brit, Med. Journ, Sept. 19 and Dee. 19, 1891. Lancet, Feb. 27 and Mar. 5, 1892. 
Proc. Roy. Irish Acad. 3™ ger. Vol. u. no. 2. This Journal, xm. p. 184. 

4 Proc, Roy. Soc. XIV. 267. | 

5 Virchow’s Festschrift, Bd. 1. 
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and then with distilled water. It may be dissolved in 1 per cent. 
sodium carbonate solution, and its properties further investigated, or 
for analytical purposes may be further extracted with alcohol and ether 
as in the first method just described. The most abundant impurity 
appears again to be lecithin; but less lecithin is present than when the 
nucleo-albumin is obtained by the first method. 

By either of these methods an abundant supply of the nucleo- 
albumin may be obtained; in fact so great is the yield that there can 
be no doubt that the amount of nucleo-albumin in kidney cells as in 
lymph cells is far in excess of the amount of globulin. The globulin by 
the sodium chloride method of preparation is precipitated in fine 
flocculi which fall to the bottom of the distilled water used; and in 
Wooldridge’s acetic acid method it is converted into acid-albumin, 
which can be recognised by the precipitate which neutralisation produces 
in the extract from which the nucleo-albumin has been precipitated. 
By either method if the washing operations are diligently performed, 
the nucleo-albumin may be obtained free from kidney globulin. 

It appears to be a very remarkable fact in connection with nucleo- 
albumins that they go into solution by extracting the organ with 
distilled water. It is probable that the inorganic salts in the kidney 
tissue aid this solution. When subsequently separated out, the nucleo- 
albumin is almost insoluble in distilled water. The solution in distilled 
water does not appear ever to be a very perfect one. The extract of 
the kidney tissue is very opalescent, and if it is filtered the subsequent 
precipitation by acetic acid is small in comparison with that obtained 
when filtration is omitted. The nucleo-albumin is thus for the greater 
part in a condition of semi-suspension rather than in true solution. 

The question next arises, may not the nucleo-albumin come from 
the nuclei rather than from the protoplasm of the cells? I am not 
prepared to state positively that it may not partly originate from the 
nuclei. The nuclei when examined microscopically in the residue 
appeared practically unaltered ; they are however a little swollen when 
the sodium chloride method is used. The yield of nucleo-albumin 
appears too large to come altogether from the nuclei, and moreover it 
is matter of difficulty to obtain nucleo-albumin by these methods 
from all organs which have nuclei; this is notably the case as we shall 
presently see with the liver. One can therefore hardly resist the 
conclusion that the nucleo-albumin originates chiefly from the cell- 


toplasm. 
The proof that the substances in question are nucleo-albumins is 
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the following. After removal of the lecithin by alcohol, and subjection of 
the residue to gastric digestion there is in each case a formation of 
proteoses and peptone, and also an undissolved residue of a material 
which is soluble in weak alkalis, precipitable from this solution by 
acetic acid, and when tested for phosphorus in the manner already 
described is found to contain a considerable amount of this element. 
In other words, the residue has the properties of nuclein. 

This however is not sufficient to prove that the substance prepared 
by the sodium chloride method is identical with that prepared by 
Wooldridge’s acetic acid method. That the substances are identical 
however will be evident from the consideration of the following points. 

1. After extraction of the kidney by water (Wooldridge’s 
method), it is not possible to obtain from the residue any more than 
the merest traces by the sodium chloride method. The reverse is also 
true; after treatment by the sodium chloride method, only traces of 
nucleo-albumin are obtainable from the residue by the acetic acid 
method. 


The particulars of an experiment bearing out the above are as fol- 
lows :— | 

Nucleo-albumin was prepared from cats’ kidneys by the sodium chloride 
method. The operation was repeated with the residual pieces of kidney, 
and the same was done a third time. On the third occasion the yield of 
nucleo-albumin was small, and so adherent to the lumps of kidney tissue that 
these were all floated to the surface of the water with the nucleo-albumin. 
The lumps were collected, washed from the adherent nucleo-albumin with 
water. After each separation of nucleo-albumin by this method, the liquid 
in which they were suspended and also the washings were tested with acetic 
acid to see if any substance corresponding to W ooldridge’s tissue-fibrinogen 
had gone into solution; but the result was negative. The residual pieces of 
kidney were now finally extracted with water for twenty-four hours, and the 
extract on treatment with acetic acid gave only the faintest trace of precipi- 
tate. 

The reverse experiment gave corresponding results, The pieces of kidney 
after three successive extractions with water, then gave by the sodium 
chloride method of preparation only a trace of nucleo-albumin; the little 
that did form collected round the lumps of kidney and floated them to the 
surface as in the final extraction by the sodium chloride method in the 
previous experiment. 


2. Both are coagulated by heat at the same temperature, about 
65°C. 
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The full details of the experiment on which the foregoing statement rests 
are as follows: 

The particles of the proteid prepared by the sodium chloride method were 
suspended in water to which a drop of 2°/, acetic acid was added ; a thermo- 
meter was used for stirring the mixture while the temperature was slowly 
raised in a water bath. The particles were thus diffused through the liquid. 
At 63°—65°C. they all rapidly rose to the surface, and remained there in 
spite of stirring; the temperature being further raised, at 95°C. they fell 
rapidly to the bottom of the test tube. The question then was, is 63°—65°, 
or 95° the coagulation temperature of this proteid? This was answered by 
testing the solubility of the precipitate in 0-5 per cent. sodium carbonate 
solution. Three samples of the proteid were taken, a, ö, and c. 

a. Heated to 60°; i.e. before the rising of the particles. 

5. Heated to 70°; i.e. after the rising of the particles. 

c. Heated to 100° ; i.e. after the falling of the particles. 

Each was washed with water of the same temperature, and then collected, 
and allowed to stand for 12 hours in a certain measured volume (the same 
volume in each case) of half per cent. sodium carbonate solutions. To the 
extract twice its volume of alcohol was added, and the mixture faintly acidified 
with acetic acid. 

a. Gave an abundant precipitate ; i.e. 60° had not coagulated the nucleo- 
albumin. 

b. Gave a faint cloudiness; i.e. a temperature over 60° and under 70° 
had coagulated the proteid. 

. Gave no cloudiness; the coagulation at 100°C. had thus been more 
complete than that at 70°. 

This experiment showed that probably the temperature of 65°C. was the 
temperature of coagulation. The experiment was repeated and the tempera- 
ture of 65°C. maintained for an hour. The particles rose at first, but in the 
course of the hour fell to the bottom, and were then as insoluble as in e in 
the last experiment. 

The same experiment was tried with the nucleo-albumin obtained by the 
acetic acid method. At 58°—62° the particles rose to the surface of the 
liquid; at 95°—100° they fell. The temperature of 63° was that at which 
the proteid was rendered insoluble in weak sodium carbonate solution. 


3. Both when not heated are readily soluble in 0°5 per cent. sodium 
carbonate solution. On adding acetic acid to this solution, a cloudiness 
is produced, which becomes a flocculent precipitate on standing; this is 
soluble though with some difficulty in excess of acetic acid. 


4. Both give the usual colour reactions that ordinary proteids give. 
Among these may be particularly mentioned that they give a violet 
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tint with copper sulphate and caustic potash. It is necessary to dwell 
on this rather fully, because Wright’ has recently stated that the 
nucleo-albumins he has prepared give the rose-red colour characteristic 
of proteoses and peptones. He has also found that after the in- 
jection of his nucleo-albumins (which he prepares by Wooldridge’s 
method) into the circulation that intravascular coagulation is produced 
in the way originally described by Wooldridge, especially if the blood 
is in a venous condition. Under certain circumstances there is however 
what Wooldridge termed a ‘negative phase, that is the blood is 
rendered incoagulable ; this is explained by Wright by the hypothesis 
that the ‘peptone’ moiety of the proteid is split off in the circulation 
from the nuclein, and produces there the well-known effects of the 
intravascular injection of ‘peptone’. This is supported by the observa- 
tion that in these animals ‘peptone’ is found in the urine, and is 
further supported by the experiments of Pekelharing*, who demon- 
strated the existence of ‘peptone’ in the blood under the same circum- 
stances. 

With these physiological results I am not at present dealing, and 
certainly feel no disposition to doubt them, though I should regard it 
at present unproven that the ‘peptone’ actually originates from the 
foreign proteid injected, especially as I have found that the nucleo- 
albumins I have made do not give the ‘peptone’ reactions. 

To test the subject more fully I have prepared nucleo-albumins 
from various sources ; viz. from the kidney by the two methods already 
described, from the liver and brain by the acetic acid method, from the 
thymus, testis, and lymphatic glands by both methods. The result in all 
cases was the same :— 

ii They always gave with copper sulphate and caustic potash a 
violet, not a pink colour. 

ii. With nitric acid, they were precipitated; on heating, this 
precipitate collected into small flocculi which, floating on the surface of 
the liquid, left it clear. There was very little real solution of the 
precipitate except after prolonged boiling. On cooling there was no 
reappearance of the precipitate. 

In other words, they gave no indication of proteose or peptone 
reactions. 

In order however to render the matter more certain, as the difference 


loc. cit. 


* Verhand. d. Konink, Akad, v. Wetenschaffen te Amsterdam. Tweede Sectie Deel 1. 
No, 3. 
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between pink and violet is often a matter in which the personal equation 
steps in, I employed the additional distinctive tests which have been 
recently introduced by Gnezda', and by McWilliam’. 


i. With copper sulphate and ammonia, they gave a blue colour (like 
albumins and globulins); whereas these reagents give a violet with proteoses 
and peptones. 

ii. With nickel sulphate and ammonia, they gave a blue colour (like 
albumins and globulins); whereas these reagents give a yellow with proteoses 
and 

iii. With nickel sulphate of potash, they gave a yellow (like albumins 
and globulins) ; whereas their reagents give a deep orange with proteoses and 
peptones. 

iv. Salicyl-sulphuric acid (McWilliam’s test) precipitates these sub- 
stances; the precipitate is coagulated by heat, whereas that produced by 
proteoses and peptones is dissolved. 


5. Both produce intravascular clotting when introduced intra- 
venously into the circulation of rabbits. Mr T. G. Brodie and I are 
investigating certain points in connection with this action of these and 
other nucleo-albumins, and we reserve for the present the full details of 
our experiments. 

6. Both contain the same percentage (0°37) of phosphorus, The 
method I have adopted for the detections of phosphorus I have already 
described (p. 814). When the method is used for quantitative purposes, 
the process is completed as follows: 


i. The precipitate produced by ammonium nitro-molybdate is collected 
on a small filter, washed carefully three times with the ammonium nitro- 
molybdate solution diluted with an equal quantity of water. The precipitate 
is then dissolved by adding ammonia ; the ammoniacal solution is collected, 
and the subsequent washings of the filter with water added to it. 

ii. This is concentrated in the water bath, being kept alkaline by the 
addition of a few drops of ammonia every now and then. 

iii. When the liquid is reduced to a small bulk, magnesia mixture 
(saturated solution of magnesium chloride to which an equal bulk of am- 
monium chloride solution has been added, the whole being made alkaline 
with ammonia) is added. 

iv. The precipitate so produced is collected on a small filter of known 
ash ; the filter and precipitate are carefully incinerated; the total ash minus 
the weight of the filter ash is the weight of magnesium pyrophosphate. 


Proc. Roy. Soc. Vol. xuvm. p. 202. Hrit. Med. Jl. 1891. 1. 837. 
PH. XIII. 53 
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From this the percentage of phosphorus in the proteid originally taken is 
easily calculated. 

v. Ina separate experiment the ash in the original proteid is determined 
in the usual way. The results obtained were the following. 

Nucleo-albumin prepared from cat’s kidney by sodium chloride method. 

1-91 grammes of the proteid = 1885 gr. of ash free proteid give 0-028 gr. 
of magnesium pyrophosphate. 100 gr. of the proteid therefore contain 0°42 
per cent. of phosphorus. 

0-8074 gr. of the proteid = 0°7927 of the ash free proteid give 0-009 gr. of 
magnesium pyrophosphate. 100 gr. of the proteid therefore contain 0°35 
per cent. of phosphorus. 

The average of these two experiments gives a percentage of 0°38 of 
phosphorus. 

Nucleo-albumin prepared from sheeps’ kidneys by the acetic acid method. 

3°87 gr. of the proteid=3°855 gr. of the ash free proteid givé 0°0531 
gr. of magnesium pyrophosphate. Therefore 100 gr. of the proteid contain 
0-36 per cent. of phosphorus. This result is practically the same as in the 
nucleo-albumin prepared by the other method. 

The average of the three estimations gives a percentage of 0°37 of 
phosphorus. 

When these six points are taken into consideration there can I 
think be no doubt that the nucleo-albumin prepared by my method is 
the same proteid as that prepared by Wooldridge’s method. 

There can also be no doubt that the proteid separated by fractional 
heat coagulation in the first set of experiments recorded and then called 
the second proteid (see p. 815) is the same nucleo-albumin ; the results 
of heat coagulation, its behaviour to acetic acid, to neutral salts and to 
gastric digestion show this. 

These two proteids constitute the only ones I have been able to 
obtain from kidney cells. In the next section I shall be describing a 
series of experiments to ascertain whether other varieties of proteids are 
present, but as the results are mainly negative this will be a convenient 
place to review the previous work that has been done on the subject. 

The earliest research that I can find is that by Gottwalt’, who 
gives the following quantitative result from six experiments on blood- 
free kidneys. 

Albumin 11 to 14 per cent. 
Globulins 8˙6 to 92 
Other proteids 14 to 16 


Gelatin 9 to 18 T. 


Muein traces. 


1 Zeitsch. physiol, Chem. rv. 431, 
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Lambling’ published a somewhat similar result from a similar 
experiment made with a kidney which had undergone waxy degeneration. 


Albumin 0˙8 
Globulins 5°5 
Other Proteids 0°5 
Gelatin 2˙6 


Waxy substance 0°9 


The methods employed by these investigators though not so perfect 
as those we at present possess, were sufficient to show that the principal 
proteid in the cells possesses the characteristics of the globulin class. 
The nucleo-albumin on account of its general similarity to a globulin 
was no doubt included under this head. 

In 1890, I published a preliminary account of the present experi- 
ments recording the fact that globulin and nucleo-albumin were 
obtainable from kidney cells“. 

Since then two other papers on the subject have appeared. The 
first of these is by J. Linnberg*. This observer finding that the 
substance described as mucin in urine yields no reducing sugar on 
treatment with mineral acids, but on gastric digestion gives a residue 
of nuclein, concludes that urinary mucin is really a nucleo-albumin. He 
was unable to find any true mucin either in the kidney or in the 
mucous membrane of the bladder. He however obtained abundance of 
a nucleo-albumin, which possesses the viscous character of mucin. He 
extracted this proteid from the tissue by means of dilute alkali (0°05 to 
0˙1 per cent. soda solution or 0°05 per cent. ammonia). Elementary 
analysis of the material obtained from the medullary region of the kidney 
gave the following percentage results:—C., 53:02; H., 7:18; N., 15°6; 
S., 114; P., 072. The ash contained calcium, phosphoric acid and 
iron. 

It will be noticed that the percentage of phosphorus which is 
perhaps that to which the greatest interest attaches is about double 
that which I obtained. I am inclined to think that this is to be 
explained by the solvent used; dilute alkali would probably dissolve 
out some of the nuclein of the nuclei in addition to the nucleo-albumin 
of the cell protoplasm. 


With regard to the ash I have found the same as Linnberg; but 


Compt. Rend. Soc. Biol. (2), V. 51. 
Proc. Physiological Soc., May 10th, 1890. 
Sand. Archiv f. Physiol. in. p. 1 and Centralbl. f. Physiol. V. 756. 
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before proceeding to phosphorus estimation, I have always subjected the 
nucleo-albumin to prolonged extraction with very dilute hydrochloric 
acid to dissolve out any phosphoric acid present in the form of an 
inorganic salt. The presence of iron in the ash is interesting in view of 
Bunge's theory that the assimilable organic compounds of iron 
(hematogen) are nuclein compounds. 

The other paper is by Liebermann“. From the mucous membrane 
of the pig’s stomach he obtained what he describes as a nuclein-like 
compound of lecithin with albumin. He found that the lecithin was 
separable from this substance by means of hot alcohol. He proposes 
the name lecith-albumin for the material. This substance is obtained 
from the mucous membrane as the residue left after prolonged artificial 
gastric digestion. He also finds that the kidney substance yields a 
similar lecith-albumin by similar treatment. He further states that the 
reaction of these substances, like that of kidney tissue and like that of 
nuclein, is acid. His experiments with the kidney are however incom- 
plete and only very briefly recorded. He leaves it open whether two 
nuclein-like substances are present, or only one. 

As I have already stated, the nucleo-albumins I have prepared 
contain a considerable amount of lecithin. I should however regard it 
at present unsettled whether the two substances are merely mechanically 
mixed or in actual organic combination with one another. 

Liebermann’s method of preparation appears to be one rather for 
obtaining nuclein, than for getting nucleo-albumin. Gastric digestion 
would certainly alter the kidney substance much more than the methods 
of extraction I have used. Gastric digestion would also break up the 
cells and probably liberate acid products; if this were so, it would 
explain the acid reaction of Liebermann’s lecith-albumins. I have 
already dealt (p. 808) with the observation that Liebermann has made 
in connection with the reaction of kidney tissue. Seeing that his 
lecith-albumins were acid I thought it worth while to see if my nucleo- 
albumin was acid or not. Prepared by either method it did not alter 
the tint of litmus. Dissolved in decinormal soda, and also in decinormal 
hydrochloric acid (in which reagents it readily dissolves) it did not alter 
either the alkalinity of the one or the acidity of the other as subse- 
quently tested by titration. It therefore possessed neither an acid nor 
an alkaline reaction of its own. 

The general results of the present section may be stated as follows:— 


1 Physiological Chemistry; translated by Wooldridge, p. 101. 
2 Pfhliiger’s Archiv, Vol. L. pp. 25 and 55. 
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1. That kidney nucleo-albumin is the most abundant proteid ob- 
tainable from kidney cells. 

2. That it is probably obtained not from the nuclei but from the 
protoplasm of the cells. 

3. That it may be prepared from the cells by grinding them up with 
saturated sodium chloride solution. The result is a slimy, viscous mass. 
On pouring this into excess of distilled water, the nucleo-albumin 
separates out in strings and floats to the surface, where it can be 
collected. 

4. That it can be also prepared by the method Wooldridge 
adopted in the manufacture of ‘tissue fibrinogen, namely by precipita- 
tion of an aqueous extract of the cells by weak acetic acid. 

5. That by both methods, it contains a considerable admixture of 
lecithin ; which can be separated by extraction with warm alcohol. 

6. That the material prepared by the two methods is identical. 
This is shown by (a) the result of gastric digestion (leading to an 
insoluble residue of nuclein); (6) by the fact that after extraction of the 
kidney by the one method, the residue yields only mere traces by the 
other; (c) by the heat coagulation temperature being the same, viz.— 
63°—65° C.; (d) by the solubility of the proteid in dilute alkaline solu- 
tions, from which solutions it is precipitable by dilute acids; (e) by the 
physiological result (production of intravascular clotting in rabbits by 
intravenous injection) being the same in both cases; (J) phosphorus 
estimation in both cases gives approximately the same result (0°37 per 
cent.). 

7. The nucleo-albumin does not give the reactions of a proteose or 
peptone. 


4. Does the kidney contain other proteids p 


The experiments recorded so far show that from the kidney cells it 
is possible to extract two proteids, one having the characters of a 
globulin, the other those of a nucleo-albumin. It has also been shown 
that albumin is absent. The following experiments were performed 
with the object of ascertaining whether any other proteids are present, 
and the results may be conveniently given as answers to the following 
series of questions. 

Does the kidney contain peptone? After grinding up the kidney 
substance with ammonium sulphate and filtering, the filtrate contains 
no proteid whatever. Peptone is therefore absent. 

Does the kidney contain proteoses? After leaving the pieces of 
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kidney under alcohol for some weeks, and extracting the residue with 
water, no proteid, or only the merest trace, goes into solution. There is 
sometimes sufficient proteid to give a faint xantho-proteic reaction, but 
a biuret reaction is never obtained. Proteoses are therefore absent. 
The details of the experiments performed are as follows. 


i. Cats’ kidneys chopped small; one was placed under alcohol immedi- 
ately ; the other after it had been allowed to remain at the temperature of 
the air for twenty-four hours. Six weeks afterwards, the alcohol was filtered 
off; and the residue extracted with water. In both cases the xanthoproteic 
and biuret tests gave a negative result. 

ii. Cats’ kidneys similarly treated. Both extracts give a faint xantho- 
proteic, but not the biuret reaction. 

iii, Cats’ kidneys. 

a. Placed immediately under alcohol. 

b. Placed after three hours at 40°C. under alcohol. 

c. Placed after twenty-one hours at 40°C. under alcohol. 
d. Placed after twenty-four hours under alcohol. 

Six weeks later, the alcohol was removed by filtration, and the residue 
extracted with water. The xanthoproteic and biuret tests were then tried 
with the aqueous extract. 

a and h gave a faint xanthoproteic reaction. 

c and d gave a rather more intense xanthoproteic reaction. 

The biuret test gave a negative result in all four extracts. 

iv. Rabbits’ kidneys. 

a. Placed immediately under alcohol. 
b. Placed after three hours under alcohol. 
c. Placed after twenty-three hours at 40°C, under alcohol. 

The aqueous extracts of the alcohol residue gave in all cases a faint 
xanthoproteic, but not a biuret reaction. 


Does the kidney contain pepsin? This question is answered in the 
negative by the series of experiments just given. Briicke showed 
many years ago that many tissues contain pepsin. In an investigation 
into the proteids of muscle’ I stated that when muscle turns acid, as it 
does during rigor mortis, the pepsin which it contains is enabled to act, 
and at suitable temperature (35,40 C.) proteoses and peptones are 
formed by a process of self digestion. As seen by the preceding ex- 
periments there is apparently insufficient pepsin in kidney to effect such 
a self digestion when it turns acid. In addition I have found that an 
extract of the blood-free kidney with 0°2 per cent. hydrochloric acid has 
no solvent action on fibrin stained with carmine. 


Proc. Roy. Soc. xIAI. 400. 


7 
— 


ͤ 


PROTEIDS OF KIDNEY. 827 


Does the kidney contain myosin? The kidney turns acid atter death; 
is there as in a muscle a formation of a clot of myosin? The tempera- 
ture of coagulation of kidney globulin is very close to that of myosin, but 
true myosin is absent. The methods I have adopted are those originally 
used by Kiihne in obtaining muscle plasma from frogs, and which I 
extended to mammals’. By employing strong pressure upon the pieces 
of kidney frozen immediately after removal from the body, it is possible 
to squeeze out a juice. This does not undergo spontaneous coagulation 
on exposure to a temperature of 35°—40°C. Similarly extracts of the 
frozen kidney with solutions of sodium sulphate of various strengths, do 
not undergo coagulation when subsequently diluted to different degrees 
with water, and then exposed in an inculator to the temperature of 
36°C. In other words such experimental methods that enable us to 
study the coagulation of blood, or of muscle, lead to an entirely negative 
result in the case of the kidney. 

Kidney globulin is probably nearly allied to those proteids with low 
heat coagulation temperature (48°—50° C.) which are found in nearly all 
cellular tissues. The proteid in muscle which I named paramyosinogen“ 
(Hammarsten’s musculin’), and that in lymph cells to which I gave 
the name of cell-globulin a, a very similar proteid in liver cells (for which 
see further) and also in nervous structures are all probably closely related 
if not identical proteids. 

Does the kidney contain mucin? The viscous mucin-like character 
of kidney nucleo-albumin under certain circumstances has been 
already alluded to. On boiling it (prepared by either method) for 
some hours with dilute sulphuric acid there is never any formation of a 
reducing sugar. Traces of mucin are however obtainable from the 
kidney (doubtless from the interstitial connective tissue) if extracted 
with dilute baryta water. Acetic acid gives an abundant precipitate 
when added to this extract. The greater part of the precipitate (nucleo- 
albumin) dissolves in excess of the acid. There is a very small insoluble 
residue which on treatment with dilute sulphuric acid yields a trace of 
a reducing sugar. 

Does the kidney contain fibrin ferment? An extract of kidney cells 
made with water or physiological saline solution does hasten the rate of 
coegulation of salted blood plasma and of hydrocele fluid. This power 
is lessened by heating the kidney extract to 65°, and filtering off the 
proteids which are thus coagulated. Boiling however does not entirely 


This Journal, vin. 133. 2 Ibid. 
* Lehrbuch d. physiol. Chem. 
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destroy the fibrinoplastic power. From these experiments (a few typical 
examples are given in full below) I should be inclined to conclude that 
the fibrinoplastic power of extracts of kidney is partly due to inorganic 
salts (calcium phosphate) and partly to the nucleo-albumin. 

But no true fibrin ferment is present: for after pieces of kidney have 
been left under alcohol for six or eight weeks, an aqueous extract of the 
residue has either no fibrinoplastic power whatever, or what it has is 
not lessened by boiling and is therefore due to calcium salts. 

I append a few illustrative experiments :— 

i. Sheep’s sodium sulphate plasma, diluted in each case with ten times 
its volume of liquid. 

a. Diluted with distilled water; control experiment. No clot after 
24 hours. 

b. Diluted with a distilled water extract of kidney cells. Good clot 
in an hour. 

c. Diluted with the same extract previously heated to 55°C. and 
filtered. Clot in an hour. 

d. Diluted with the same extract previously heated to 65°C. and 
filtered. Clot in 2 hours. 


e. Diluted with the same extract previously boiled and filtered. 
Clot in 2 hours, 


ii. Sheep’s sodium sulphate plasma, diluted in each case with six times 

its volume of liquid. 

4. Control experiment. Diluted with saline solution. Coagulation 
in 46 minutes. 

b. Diluted with saline extract of kidney. Coagulation in 16 minutes. 

c. Diluted with saline solution, and pieces of kidney added. Coagu- 
lation in 15 minutes. 

d. Diluted with the same extract as in ö, but previously boiled and 
filtered. Coagulation in 32 minutes. 


iii, Hydrocele fluid. Diluted with an equal volume of liquid in each 
case, 
a. Control experiment. Diluted with an equal quantity of saline 
solution. No clot after six hours. 
b. Diluted with saline extract of kidney. Good clot in 15 minutes. 
. Diluted with the same extract previously boiled and filtered. 
Slight clot in 15 minutes. 


iv. Sheep’s sodium sulphate plasma. Diluted in each case with six 
times its volume of liquid. 
a. Diluted with saline extract of kidney. Coagulation in 15 
minutes. 
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5. Diluted with the same extract previously heated to 55°C. and 
filtered. Coagulation in 20 minutes. 

c. Diluted with the same extract previously heated to 65°C. and 
filtered. This was uncoagulated three hours later, but a slight clot had 
formed next morning. 

d. Diluted with the same extract previously boiled and filtered. 
The result was the same as in c. 


— 


v. Sheep’s sodium sulphate plasma. Diluted in each case with six 
times its volume of liquid. 
a. Control experiment. Diluted with water. —— 
5. “Diluted with active fibriti ferment. 
c. Diluted with aqueous extract of a kidney which had been six 

weeks under alcohol. 
d. e. J. Diluted with aqueous extracts of other kidneys which had 

been similarly treated. 

In ö there was a good clot in half an hour. Six hours later none of the 
others showed any coagulation. Twenty-four hours later there was a slight 
clot in all. 

vii. Sheep’s sodium sulphate plasma. Diluted in each case with eight 
times its volume of fluid. 

a. Diluted with distilled water. Clot in 90 minutes. 

b. Diluted with tap water. Clot in 16 minutes. 

c. Diluted with tap water extract of kidney which had been eight 
weeks under alcohol. Clot in 14 minutes. 

d. Diluted with the same extract previously boiled. Clot in 12 
minutes. 

viii. Sheep’s sodium sulphate plasma. Diluted in each case with eight 
times its volume of fluid. 

a. Diluted with distilled water. No clot in two hours. 

b. Diluted with aqueous extract of a kidney which had been under 
alcohol for six weeks. No clot in two hours. 
c. Diluted with solution of fibrin ferment. Clot in 30 minutes. 


Does the kidney contain cell-globulin ? 


This question reopens the whole theory of blood coagulation, and 
before proceeding to give my answer I take the opportunity of re- 
stating my views on the wider question in the light of recent work. 

Hammarsten’s theory of blood coagulation may still be regarded as 
the simplest working hypothesis, and the work done since his masterly 
researches were published has been principally related to points of 
detail and not to those of essential importance. Stated simply he con- 
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siders that the coagulation of the blood is due to the decomposition of a 
substance called fibrinogen, which is dissolved in the blood plasma by 
the agency of the fibrin ferment which is the product of the disintegra- 
tion of the colourless corpuscles. The most important product of this 
action is the comparatively insoluble material called fibrin. 

My own work on the subject consisted in showing that these cor- 
puscles contain or yield on disintegration, two globulins to which I gave 
the name of cell-globulins. One of these coagulating at a temperature 
of 50°C: or thereabouts may be called cell-globulin a, and the other 
coagulating in various solvents at temperatures varying from 60°—75° C. 
may be called cell-globulin 8. This latter substance was found to 
possess fibrinoplastic properties, and in fact is so similar to fibrin 
ferment, that I felt justified in advancing the proposition that the 
ferment and the globulin were two names for the same thing“. 

Such an observation did not by any means settle the question of 
blood coagulation, and at the time that I published my paper it 
appeared impossible to reconcile these views with those of the late 
Dr Wooldridge“. The work that has been published since that time 
has however done much to show that the two opposing theories, Ham- 
marsten’s and Wooldridge’s, are by no means irreconcileable, and I 
propose briefly to recapitulate the chief papers that have appeared. 

W. L. Dickinson“ prepared cell-globulin 8 and in the main con- 
firmed my observations regarding its properties. He however found 
that under certain circumstances it may be obtained without fibrino- 
plastic properties. For instance after treatment with leech extract it 
may be deprived of its fibrinoplastic power without alteration in its 
physico-chemical qualities. 

E. H. Hankin‘ approaching the subject from quite a different 
standpoint found that cell-globulin 8 has the power of killing certain 
pathogenic micro-organisms. This power is not possessed by fibrin 
ferment prepared in the usual way. The protective proteids or alexines 
are according to this observer of the nature of cell-globulin g. 

These two series of investigations show that fibrin ferment and cell 
globulins are not absolutely identical. 

By far the most important researches however are those recently 
published by Pekelharing, especially as it is to him that the credit is 
due of pointing out how diverging and contradictory views on the 
subject may be to a great extent reconciled. _ 


This Journal, Vol. 1x. p. 229. 2 Ludwig’s Festschrift, 1886, p. 221. 
This Journal, Vol. x1. p. 570. Proc. Royal Society, May 22, 1890. 
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The first of these papers appeared in Virchow’s Festschrift“; in it 
he shows that the key to the problem is probably to be found in the 
facts recently made out concerning the relation of calcium salts to the 
coagulation process. 

Many years ago Briicke demonstrated that the ash of fibrin always 
contains calcium. Later (1875) Hammarsten pointed out that calcium 
chloride can take the place of serum globulin in aiding the action of 
fibrin ferment on fibrinogen. In 1887 Green“ found that the coagula- 
tion of various forms of plasma is much accelerated by small quantities 
of calcium sulphate. Later Ringer and Sainsbury“ showed that the 
same property is possessed by other calcium salts, and to a less extent 

by the salts of strontium and barium. Freund‘, who had made similar 
observations, formulated a theory to explain the phenomena which was 
shown to be untenable by Latschenberger’, v. Strauch“, and by 
Pekelharing’. The next to enter the field were Arthus and Pagés’, 
who made the brilliant discovery that the blood may be kept liquid by 
decalcification. This may be readily brought about by mixing the blood 
immediately it is shed with a 01 per cent. solution of potassium oxalate. 
They consider that fibrin is a calcium compound of fibrinogen, and their 
experiments further show that the ferment as well as the calcium salt is 
necessary for the transformation of fibrinogen into fibrin. 

Green in the work already alluded to took up the question whether 
the fibrin ferment exists in the blood plasma as a zymogen which is 
changed into the ferment by the calcium salt. His conclusions, however, 
were negative. This is one of the points that Pekelharing has further 
investigated. He prepared from magnesium sulphate plasma and also 
from oxalate plasma a substance which has the solubilities of a globulin, __ 
which possesses no fibrinoplastic properties, but which by treatment with * ‘i 
a calcium salt assumes the characters of fibrin-ferment. This globuli ap 
he regards as the zymogen of the fibrin ferment. The zymogen yields 
an ash which contains little or no calcium, while the ferment is rich in 
calcium. Both zymogen and ferment have the characters of a globulin, 
and in fact are identical with my cell-globulin 8. It thus appears that 
cell-globulin 8 may exist in two modifications, one with and the other 
without fibrinoplastic properties. 

Pekelharing considers with Arthus and Pagés that fibrin is a 
calcium compound of fibrinogen, and that the main action of the 
ferment is the handing over of the calcium to the fibrinogen. 


1 1891, Vol. 1. * This Journal, vin. 354. 3 Ibid. xi. 369; xu. 170. 
* Med. Jahrb. 1888, p. 259. 5 Thid. p. 479. Dissertation. Dorpat, 1889. 
loc. cit. 8 Arch. de Physiol. 1890. 
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He then proceeds to explain well-known facts regarding coagulation 


in the following ways :— 

(1) The action of oxalates. These hinder coagulation by precipi- 
tating calcium oxalate ; on account of the insolubility of this compound 
the calcium is not available for the conversion of zymogen into ferment. 

(2) The action of neutral salts. These hinder coagulation because 
the ferment is a globulin. The quantity of salt added to the blood is 
insufficient to precipitate the globulin, but sufficient to hinder those 
intramolecular movements upon which the specific action of the ferment 
depends. 

4. The action of ‘peptone. This hinders coagulation because of 
the great affinity it has for calcium salts. Other substances which like 
soaps have a great affinity for calcima produce the same effect when 
injected into the circulation. Munk! found that soaps hinder coagula- 
tion, produce a great fall of blood pressure, and may in extreme cases 
produce death. Ringer“ has abundantly shown the great importance 
of calcium in vital processes, and no doubt the toxic action of soaps and 
peptones is due to the removal of lime salts from the tissues. Pekel- 
haring finds that the action of peptone on blood pressure and blood 
coagulation can be counteracted by injection of calcium chloride solution 
into the circulation. The same is true for the blood outside the vessels; 
or for solutions of Hammarsten’s fibrinogen. Coagulation can be 
prevented in all cases provided the peptone is added before the zymogen 
has been converted into the ferment. 

5. The action of ‘tissue fibrinogen.’ Wooldridge’s tissue fibrin- 
ogen is found by Pekelharing to be a mixture of nucleo-albumin and 
lecithin. It also contains the zymogen of the fibrin-ferment for by 
treatment with a calcium salt it is converted into fibrin ferment, and 
causes coagulation of a solution of Hammarsten’s fibrinogen. Pekel- 
haring considers that the calcium salts of the blood change the zymogen 
contained in the ‘tissue fibrinogen’ into ferment, and that it is the 
ferment so formed that leads to the intravascular coagulation. 

I have entered thus fully into Pekelharing’s observations, because 
they pave the way for those which he has since published which seem 
to me to go more to the root of the matter. So far we may sum up his 
results under the following heads. 


1 Arch. f. Anat. u. Physiol. physiol. Abth. Suppl. Bd. 1890, p. 116. 
This Journal, 111. 380; 1v. 29, 222; v. 98; vi. 361; vn. 118, 291; vin. 15, 20, 288; 
x1. 79. 
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1. He accepts it as fully proven that calcium salts are essential for 
coagulation. 

2. The fibrin ferment is also essential. 

3. That cell globulin exists in two modifications; one is the 
zymogen or ferment precursor and is poor in calcium; the other is the 
ferment; this is rich in calcium and is formed from the zymogen by 
uniting with calcium. 

4. That on these grounds the action of various agents (neutral 
salts, peptone) in preventing coagulation can be explained; the action 
of Wooldridge’s ‘tissue fibrinogens’ in hastening coagulation is simi- 
larly explicable. He however leaves it open what constituent in the 
‘tissue fibrinogen’ it is which is the zymogen. 

It is this last point which he develops in his later researches'. Here 
he confirms in the main the researches of Wooldridge and Wright 
which have already been mentioned. He also finds that a nucleo- 
albumin can be precipitated by dilute acetic acid from blood plasma. 
He surmises that it originates from the white corpuscles, and that it is 
identical with the substance that Wooldridge obtained by cooling 
plasma“. He also considers that it is essentially the same substance 
as may be obtained from leucocytes and other cells as in the preparation 
of Wooldridge’s tissue fibrinogen. Lastly he finds that what I called 
cell-globulin g is in reality a nucleo-albumin, yielding nuclein on gastric 
digestion. The solubilities of the substance are the same as those of a 
globulin, but it is not until its nature is more deeply probed that it turns 
out to be something different from a globulin’. Further Pekelharing 
regards this substance as the same as the fibrinoplastic substance which 
A. Schmidt correctly described as originating from the corpuscles, but 
erroneously considered to be identical with serum globulin (paraglobu- 
lin). 

One can at once see how much divergence of opinion is explained by 
this discovery. 


1 Verhandelingen d. Koninklijke Akad. v. Wetenschappen te Amsterdam. Tweede 
Sectie. Deel 1. No. 3. 

2 And doubtless also with the substance Wooldridge precipitated from serum by 
acetic acid and called serum fibrinogen. 

3 In the main Griesbach (Centralbl. med. Wiss. 1892. No. 27) takes the same view of 
coagulation as Pekelharing. He has worked chiefly with invertebrate blood, and has 
separated from crab’s blood a fibrinoplastic proteid which is a nucleo-albumin, not a 
globulin. He considers that this originates from the protoplasm of the ameboid cells, and 
that the nuclei do not participate in the process as Lilienfeld (Arch. f. Anat. u. Physiol., 
physiol. Abth. 1892, 115, 167) supposes. 
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The substances which have at various times received the names of 
fibrinoplastic substance, fibrin ferment, cell-globulin 8, serum fibrinogen, 
fibrinogen A, tissue fibrinogen and so forth are all varieties of one sub- 
stance, which is a nucleo-albumin'; and further that it is in all cases a 
nucleo-albumin which in cooperation with calcium compounds brings 
about coagulation in the blood. 

Though Mr Brodie and I are not quite ready to publish our full 
results in the action of nucleo-albumin when injected intravenously, I 
may say that we have succeeded in eliminating the other constituent 
(lecithin) of Wooldridge's tissue fibrinogens, and we are fully convinced 
that it is the nucleo-albumin which is the active principle in these 
substances. 

We can now return to the question which stands at the head of this 
section, Does the kidney contain cell-globulin? This now resolves itself 
into the two questions, Does the kidney contain nucleo-albumin? and if 
so is this the same nucleo-albumin which may be obtained from lymph 
cells and which is more particularly associated with the causation of 
coagulation under the name of the fibrin ferment or its zymogen. | 

We have already seen that the kidney cells do yield a considerable 
quantity of nucleo-albumin; and that this produces when injected into 
the circulation, intravascular clotting. Further we have found that 
fresh kidney or an extract of fresh kidney produces clotting in extra- 
vascular plasma (salted plasma, and hydrocele fluid), and that the power 
of the fresh kidney to produce this effect is destroyed at the temperature 
of heat-coagulation of the nucleo-albumin. Lastly we have ascertained 
that the fibrin ferment in Schmidt’s sense is not obtainable from the 
kidney cells. Weare therefore driven to the conclusion that the nucleo- 
albumin of kidney cells is either identical with the zymogen of fibrin 
ferment (i.e. the nucleo-albumin of lymph cells), or that the nucleo- 
albumin of the kidney cell is not identical with that of lymph cells, but 
that they are two separate members of a class of proteids which possess 
in common the ability to induce coagulation in fluids containing fibrin- 
ogen. I incline to this latter view. Lymph cells and kidney cells are 
not the only cells which yield a nucleo-albumin. A nucleo-albumin 
appears to be a most constant constituent or it may be disintegration 
product of protoplasm wherever it occurs. The cells of the thymus, of the 
liver, of the nervous system, of the testis and so forth all yield similar 

1 Regarded from another standpoint the alexines of Hankin are, now that cell-globulin 


§ is shown to be a nucleo-albumin, of the same nature as the protective proteids, which was 
one name Wooldridge gave to his tissue fibrinogens. 
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nucleo-albumins. But though all produce intravascular clotting they 
are not identical substances. They resemble each other in important 
particulars but have idiosyncrasies in matters of detail. Thus the 
nucleo-albumin of lymph cells is not rendered slimy by sodium sulphate, 
that of kidney cells is. Some cells yield their nucleo-albumin either when 
treated by Wooldridge’s acetic acid method, or my sodium chloride 
method. Some like those of the liver and brain only respond to the 
former method of preparation. The percentage of phosphorus they 
contain also varies. 

The general conclusions that can be drawn from what has preceded 
this in this section are the following. 

1. Cell-globulin like the other agents which have been described 
from time to time as active in producing the coagulation of the blood is 
a nucleo-albumin. 

2. This fact taken in conjunction with the proved importance that 
calcium salts have in the process explains many hitherto obscure or 
contradictory facts. 

3. The kidney contains such a nucleo-albumin the mother substance 
of fibrin ferment, though it contains no fibrin ferment. . 

4. Such nucleo-albumins may be obtained generally from all cellular 
structures, 

5. These nucleo-albumins resemble one another in their most im- 
portant properties, among which may be particularly mentioned their 
power of producing intravascular clotting. They however differ in some 
of their chemical and physical characters. 

6. They produce such clotting probably by uniting with some of 
the calcium salts of the blood, and thus yielding a very active modifica- 
tion, or calcium compound which is fibrin ferment. Fibrin ferment 
hands over the calcium to the fibrinogen and so converts it into fibrin. 

7. Kidney cells do not contain peptone, proteoses, pepsin, myosin or 
mucin. 

In the foregoing section I have given great prominence to 
Pekelharing’s views, because I believe that his contribution to this 
difficult subject is the most important that has appeared since 
Hammarsten’s researches were published. There however remain 
several questions which occur to one when reading his papers, which 
cannot be considered to be finally settled. 

The first of these is, why do not nucleo-albumins cause coagulation 
to occur in extravascular, as readily as they do in intravascular 
plasma? The amount of calcium salts is presumably the same in both. 
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It may be that the calcium is differently combined, and not so readily 
available for the conversion of zymogen into ferment, after the blood 
has been removed from the vessels. Or, it may be that when the 
ferment is produced intravascularly it appears in a peculiarly active 
(? nascent) condition. 

Secondly, do these experiments definitely prove that the ferment is 
actually formed from the foreign nucleo-albumin introduced into the 
circulation? I think it quite possible that the ferment may at any 
rate in any part originate from the disintegration of blood-corpuscles 
within the blood stream. Buchner has devoted a great deal of study 
to the protective proteids or alexines. He finds that these substances 
are not merely bactericidal, but also globulicidal’, that is they produce 
not only disintegration of bacteria but of blood corpuscles also. Now 
that we know these alexines are nucleo-albumins, it seems probable 
that their globulicidal properties will partly explain intravascular 
clotting. 

A third question which has supgested itself to me is whether all 
nucleo-albumins produce intravascular clotting; and it appeared 
especially important to investigate the action of these nucleo-albumins 
which are contained in secretions, particularly caseinogen and bile- 
mucin. This point Mr Brodie and I are investigating with others 
previously alluded to. Pekelharing bas anticipated us as far as 
caseinogen is concerned. He finds that this substance produces 
acceleration of the clotting of extravascular plasma (a fact noted also by 
Hammarsten), but it does not cause intravascular coagulation. We 
have also found in the few experiments we have hitherto performed 
that ‘bile-mucin’ does not produce intravascular coagulation. There 
thus appears to be a difference in this respect between the nucleo- 
albumins directly derived from cell-protoplasm, and those which originate 
from protoplasm by normal katabolic processes. The nucleins obtain- 
able from caseinogen, from vitellin, and from the nucleo-albumins of 
cells are all placed by Hoppe-Seyler“ in the same group. It 


1 Berlin. klin. Noch. May 9, 1892. 
* Hoppe-Seyler’s three groups of nucleins are: 

1. Those obtainable from caseinogen, n They 
yield on boiling with water or dilute acid, proteid and phosphoric acid only (no 
hypoxanthine). 

2. The nuclein of cell nuclei. These yield proteid, hypoxanthine, xanthine, guanine, 
adenine, and phosphoric acid. 

8. Nucleins like that found in semen, which would be better termed nucleic acid. 
These yield hypoxanthine, and phosphoric acid only (no proteid). 
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therefore at present appears that the difference just spoken of is 
probably more dependent on the proteid, than on the nuclein constituent 
of the nucleo-albumin molecule. 


B. Tue Prorerps or Liver CELLS. 


The methods by which I have investigated the nature of the 
proteids obtainable from liver cells have been in the main those which 
have just been described in connection with kidney cells. The results 
may be given under the same heads adopted in the description of the 
kidney proteids. 

It will however be convenient first to allude to previous work on 
the same subject. 

Quantitative estimations of the relation of water and solids and of 
the inorganic salts have been made by Oidt mann, Lukjanow“ and 

ers; Zaleski*® has separated from the liver a nuclein compound of 
iron which he terms hepatin; but the only research directly relating to 
the proteids is that of Pldsz‘ The following is a brief resumé of his 
work. 

Liver substance is alkaline ; but after death it becomes neutral, then 
acid. At the same time it becomes harder, and less transparent, these 
changes being attributed to a condition resembling the rigor mortis of 
muscle. Myosin, however, cannot be obtained from the liver. The 
‘liver-plasma’ analogous to Kiihne’s muscle-plasma, obtained by 
freezing and pressure does not clot. The proteids found in the liver 
plasma and in saline extracts of the liver cells are stated to be :— 

i. - A proteid coagulating at 45°; wholly soluble on gastric digestion. 

ii. A nucleo-albumin coagulating at 70° yielding an insoluble 
residue of nuclein on gastric digestion. 

iii. A globulin coagulating at 75°C.; wholly soluble on gastric 
digestion. 

iv. Alkali albumin. 

In a preliminary account“ of the following experiments I stated 
I had failed to demonstrate the existence of a nucieo-albumin; this 
however I have since found is incorrect. A nucleo-albumin is present. 
In fact my work has on the whole confirmed that of Pldsz; I give the 


Die inorg. Bestandtheile der Leber. Preisschrift Würaburg, 1858. 

2 Zeit. physiol. Chem. xu. 339. x. 453, 274. 

4 Pfliiger’s Archiv, vn. 371. 

Proc. Physiol. Soc. 1890, p. 1x. Hammarsten also (Lehrbuch, p. 113) places a 
query after the statement of Pldsz that liver cells contain a nucleo-albumin. 


PH. XIII, 54 
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coagulation temperatures a little differently; but the three first 
proteids in the list just given are the three principal proteids I have 
found in the liver cells. Alkali albumin is not present. Like Pldsz I 
have also failed to find myosin. 

The livers used have been chiefly those of rabbits and cats. The 
extracts of rabbits’ livers however are generally so opalescent from the 
presence of a large quantity of glycogen, that observations on heat- 
coagulation temperatures are somewhat difficult. The liver was in all 
cases rendered blood free by a stream of normal saline solution injected 
into: the aorta. It is remarkable how rapidly the liver becomes 
perfectly pale by this method of injection. Lymph and bile were 
subsequently got rid of by kneading the finely divided organ in salt 
solution. In some cases the cells were obtained free from interstitial 
connective tissue by pressure through calico. 


1. Reaction of liver substance. 


Blood free liver substance is alkaline when fresh; it becomes first 
neutral then acid after removal from the body, as in the case of the 
kidney from development of lactic acid. This occurs more rapidly at a 
temperature of 40° than.at the atmospheric temperature. These facts 
are illustrated by the following table. 


became acid 
Liver from 
at temp. of air in at 40°C, in 
Rabbit 90 minutes 35 minutes 
Rabbit more than 2 hours 65 minutes 
Cats’ liver more than 2 hours 90 minutes 
Cats’ liver own than 2 hours 90 minutes 
(neutral after 90 min.) | (neutral in 40 min.) 


2. The Proteids extracted from liver cells by dilute 
salt solutions. 


The proteids were dissolved out by various saline solutions, the one 
most frequently employed being a 5 per cent. solution of magnesium 
sulphate. A preliminary guide to the number of proteids present was 
obtained by the method of heat coagulation. The extract was saturated 
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with magnesium sulphate, and thus the proteids were divided into two 
groups :—{1) Globulins and nucleo-albumins precipitated by the salt, 
(2) Albumin contained in the filtrate. The method of heat coagulation, 
fractional precipitation with salts, phosphorus estimation etc. were then 
applied to each of these. It is not necessary again to go into details 
of the methods, as these have been already described in connection with 


the kidney. 


The results of fractional heat coagulation may be given in a 


tabular form. 
Heat coagulation temperatures of proteids 
Liver of Extracted with 
precipitable by saturation with a4 
| magnesium sulphate mag. sulphate 
Rabbit I 5 / MgSO, 47—52° 56—60° 70° 70—71° 
10 ,, NaCl 47—49° 56° 71° 69—70° 
3 5 „ẽ MgSO, 47° 56° 70° 
5 „ MgSO. 47° 56° 70° 70° 
Cat I. (cells 
free from on- 5 ,, MgSO, | 45—47°-| 56—58° | 70 70° 
nective tissue) 
10 ,, NaCl 47° 56° 69—70° 72° 
Cat II. MgSO, 47° 55-—5 70° 70° 
eT 5 „ MgSO, | 47—50° | 56—60°| 70° | 70—72° 
10 ,, NaCl 49° 56° 68° 70° 
Dog 5 „ MgSO, | 47° | 56—60° | 68—70° 70° 
10 ,, NaCl 47° 57° 70° 70° 


We thus see that the liver cells yield four proteids. 

1. Coagulates at 45°—50°. 

2. Coagulates at 56°—60°. 

3. Coagulates at 68°—70°. These three are present in fairly — 
quantities: they are all precipitated by saturating the extract with 
magnesium sulphate, and are therefore in the group of either globulins 
or nucleo-albumins. 

4. Coagulates at 70°—72°; this remains in solution after the 
precipitation of the first three by saturation with magnesium sulphate. 
It belongs to the group of albumins proper. It is however present in 
the merest traces; often there is only a faint opalescence at the 
temperature named. Its constant presence however seems to indicate 
that it is not due to admixture with lymph or blood, but that it is 
a constituent of the liver cells, 
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The difference of coagulation temperature is not the only difference 
between the three proteids which we have placed in the globulin 
nucleo-albumin group. Their distinctive characters are as follows: 


i. The Proteid which coagulates at 45°—50°. 


This is entirely precipitated from its solutions by saturation with 
either magnesium sulphate or sodium chloride. It is precipitated 
readily by dilute acetic acid but readily dissolves in small excess and also 
by dialysis. In the case of magnesium sulphate, precipitation begins 
when 30 gr. of the salt are present in each 100 c.c. of extract. Precipi- 
tation is not complete until 100 gr. per 100 c.c. are added. 

On gastric digestion, it leaves practically no residue. 

On phosphorus estimation (for method see pp. 814, 821) the merest 
trace of precipitate was obtained with ammonium nitro-molybdate ; but 
the quantity obtained was so small that with the weight of material used 
(0°5 to 1 grm.) it could not be estimated quantitatively; this small 
amount of phosphorus probably came from adherent phosphates, which 
even prolonged washing with dilute hydrochloric acid had failed to 
remove. This supposition was confirmed by the detection of minu 
quantities of calcium also. | 

The characters of this proteid are clearly those of a globulin, 
_ analogous to the globulin we have already called kidney globulin; it 
may be called hepato-globulin a. 


ii. The Proteid which coagulates at 56°—60°. 

This is entirely precipitated from its solutions by saturation with 
magnesium sulphate. Precipitation begins when 60 gr. of the salt are 
added to 100 c.c. of solution, and is not complete until saturation is 
complete. 

Complete saturation with sodium chloride does not precipitate this 
proteid entirely. It is readily precipitated by dilute acetic acid; in 
standing the precipitate becomes slightly stringy. It dissolves on the 
addition of excess of the acid, but not so readily as hepato-globulin a. 
It is precipitated by dialysis. On gastric digestion it leaves a consider- 
able residue of nuclein. 

On testing for phosphorus in the heat coagulum, a considerable 
quantity of precipitate was produced by the addition of ammonium 
nitro-molybdate. Quantitative estimations were made later, the 
proteid being prepared another way (see further). 


7 
é 
* 
A 
‘ 
< 
7 
7 
— 
4 
* 


PROTEIDS OF KIDNEY. 841 


The characters of this proteid are clearly those of a nucleo-albumin, 


and it may be called liver-nucleo-albumin. 


iii. The Proteid which coagulates at 68°—70°. 


This is entirely precipitated from its solutions by saturation with 
magnesium sulphate. Precipitation begins when 60 grms. of the salt 
are added per 100 c.c. of extract, and is not complete until saturation is 
complete. 

Complete saturation with sodium chloride does not precipitate this 
proteid entirely. 

It is readily precipitated by dilute acetic acid and very readily 
dissolves in excess. It is precipitated by dialysis. — 

On gastric digestion it leaves no residue of nuclein. 

On testing for phosphorus, none whatever was found!. 

The characters of this proteid are clearly those of a globulin, which 
may be called hepato-globulin g. 

The results described in this section may be summed up as 
follows :— | 

1. Four proteids can be extracted from liver cells by dilute saline 
solutions. | 

2. One of these, an albumin, is present in the merest traces. 

3. Two of them are globulins differing in their heat coagulation 
temperatures (hepato-globulin a coagulating at 45°—50°; hepato- 
globulin 8 at 68°’—70°) and in the readiness with which they are 
precipitated by neutral salts. 

4. The remaining proteid is a nucleo-albumin. This substance was 
investigated also by other methods which will be described in the next 
section. 

3. Liver Nucleo-albumin. 


Unless the experiments on gasiric digestion aud phosphorus 
estimation just described had been performed, the nucleo-albumin 
would have been classed as one of the liver globulins. This erroneous 
conclusion would have been confirmed by the fact that the liver nucleo- 
albumin does not become viscous on adding a considerable quantity of 
sult, and also by the fact that attempts to prepare a nucleo-albumin by 
the sodium chloride method which I found so effective in the case of 
lymph cells and kidney cells lead to an entirely negative result. 


1 The testing for phosphorus in this and the two preceding cases was performed by 
Miss D. Marshall, B.Sc. 
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The proteid in question can however be obtained in a condition of 
approximate purity by Wooldridge’s acetic acid method. The yield 
is small when compared to what is obtained from other cellular organs 
like the kidney and thymus, and unless the liver is crushed small, there 
may.be very little indeed obtained. | 

Prepared in this way, the properties of liver nucleo-albumin are the 
following :— - 

It is readily soluble in 1 per cent. sodium carbonate solution ; and is 
readily precipitated from this solution by means of dilute acetic acid, 
being soluble in excess with some difficulty. Suspended in faintly 
acidulated water, it is coagulated (i.e. rendered insoluble in 1 per cent. 
sodium carbonate solution) at 60°C. It gives the usual colour reactions 
of proteids including the violet tint produced by copper sulphate and 
caustic potash. The importance of this in view of Wright's statement 
that nucleo-albumins give the biuret reaction has been already dwelt on 
(see p. 821). The nucleo-albumin of the liver behaves to nitric acid, to 
Gnezda’s reactions, and Mc William’s test exactly like that prepared 
from the kidney. 

It produces intravascular clotting when introduced intravenously 
into the circulation. It contains a much higher percentage of phos- 
phorus than the nucleo-albumin of the kidney. 0°457 gr. = 0°455 of ash 
free material yielded 00238 of magnesium pyrophosphate ; 100 gr. of the 
nucleo-albumin therefore contain 1°45 per cent. of phosphorus. 

It may be mentioned in this connection that the ash which adheres 
to the proteid contains calcium, phosphoric acid (the greater amount of 
these is got rid of by prolonged washing with dilute hydrochloric acid), 
and small quantities of iron, and in some cases copper also. 

The nucleo-albumin as prepared by Wooldridge’s method also 
contains lecithin, which is got rid of previous to phosphorus estimation 
by thorough washing with hot alcohol. 

Liebermann! having stated that his lecith-albumins are acid, I 
dissolved the liver nucleo-albumin in decinormal soda, and in decinormal 
hydrochloric acid. But on subsequently testing these solutions by 
titration, the alkalinity of the one and the acidity of the other was 
found to be unaltered. 

The results described in this section may be summed up as 
follows :— 

1. Liver cells yield a nucleo-albumin in small quantities only. 

2. It does not become viscous on admixture with a large amount of 
! Phliiger’s Archiv, Vol. L. pp. 25 and 55. 
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neutral salt; and the sodium chloride method of preparing nucleo- 
albumins is not applicable to it. It thus differs from kidney nucleo- 
albumin. 

3. It can be obtained by means of the acetic acid method. 

4. It is coagulated by heat at a rather lower temperature than 
kidney nucleo-albumin. 

5. It further differs from kidney nucleo-albumin by containing a 
higher percentage of phosphorus. 

6. Otherwise it resembles kidney nucleo-albumin very closely. It 
produces intravascular coagulation. It gives with copper sulphate and 
caustic potash a violet not a pink (biuret) reaction. 


4. Does the liver contain other proteids p 


Does the liver contain peptone? After grinding up the liver substance 
with ammonium sulphate and filtering, the filtrate contains no proteid 
whatever. Peptone is therefore absent. 

Does the liver contain proteoses? This question is also to be answered 
in the negative. Portions of seven livers, were placed under absolute 
alcohol for six to seven weeks. Some were placed quite fresh under 
alcohol, others after standing at the temperature of the air, or of a water 
bath kept at 40° for twenty-four hours first. In all cases, an aqueous 
extract of the livers so treated gave either no proteid reactions at all, or 
such a faint xanthoproteic reaction as to be almost imperceptible. A 
biuret reaction was never obtained. 

Does the liver contain pepsin? This question is also answered by 
the preceding set of experiments in the negative. Livers kept for 24 
hours at 40° till they became acid had undergone no self digestion, as 
shown by the absence of proteoses, Extracts of the fresh blood free 
liver made with 0°2 per cent. hydrochloric acid had no action whatever 
on stained fibrin. 

Does the liver contain myosin? This was looked for by the same 
methods as that described under the same heading in the case of the 
kidney, and with the same negative result. I am inclined to regard the 
hardening that occurs in the liver after death as being in part due to the 
solidification of fat in the cells, which during life is liquid. It is, however, 
quite possible as Plösz suggests that if coagulation does occur in the 
cells with the formation of a myosin-like clot, this takes place so rapidly 
that our present methods do not enable us to separate its precursor from 
the cells. 
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Does the liver contain mucin? If the cells are freed from connective 
tissue, no mucin is found. The interstitial tissue, however, yields 
mucin. 

Does the liver contain fibrin ferment? 

The experiments made in attempting to answer this question were 
performed in the same way, and in the main with the same negative 
results as those already described in connection with the kidney. As, 


however, there are certain peculiarities to be pointed out, I will give a 
few of the experiments in full. 


i. Sheep’s sodium sulphate plasma: diluted in each case with six times 
its volume of liquid. 
a, Control experiment. Diluted with saline solution. Coagulation 
in 46 minutes. 
5. Diluted with saline extract of liver. Coagulation in 15 minutes. 
c. Diluted with saline solution, and pieces of liver added. Coagula- 
tion in 14 minutes. 
d. Diluted with the same solution as in ö, but previously boiled and 
filtered. Coagulation in 37 minutes. 
ii. Hydrocele fluid. Diluted with an equal volume of liquid in each 
case. 
a, Control experiment. Diluted with an equal volume of saline 
solution. No clot after six hours. 
b. Diluted with saline extract of liver. Good clot in 15 minutes. 
c. Diluted with the same extract previously boiled and filtered. 
Slight clot in 15 minutes. 


These first two experiments show that the liver contains some sub- 
stance which accelerates the coagulation of extravascular plasma, and 
that this power is somewhat lessened by boiling. The next experiments 
which were made had for their object the determining the exact 
temperature at which this destruction of fibrinoplastic power took place. 
It was then found that most inconstant results were obtained, and in 
some cases the heating of the liver, or of its extract, increased its fibrino- 
plastic properties. The only explanation one can offer of such facts is 
that the liver contains small and inconstant amounts of a fibrinoplastic 
substance, which would accord with the fact previously noted that the 
liver nucleo-albumin is present in small quantities, The fibrinoplastic 
effect is probably due chiefly to calcium phosphate, the state of com- 
bination of which may be altered by heating. The following experiments 
illustrate the curious kind of result one often obtains :— 
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iii. Sheep’s «dium sulphate plasma. Diluted in each case with six 

times its volume of liquid. 

a, Diluted with saline extract of liver. Coagulation in 19 minutes. 

5. Diluted with the same extract previously heated to 50° and 
filtered. Coagulation in 45 minutes. 

c. Diluted with the same extract previously heated to 60° and 
filtered. Coagulation in 19 minutes. 

d. Diluted with the same extract previously boiled and filtered. 
Coagulation in 11 minutes. 

iv. Sheep’s sodium sulphate plasma. Diluted in each case with ten 

times its volume of liquid. 

a, Diluted with distilled water. No clot after 24 hours. 

b. Diluted with distilled water extract of liver cells. No clot after 
12 hours. Slight clot after 24 hours. 

. Diluted with the same extract previously heated to 50° and 
filtered. Same result as in ö. 

d. Diluted with the same extract previously heated to 60“ and 
filtered. Slight clot in 1 hour; firm clot in 2 hours. 

e. Diluted with the same extract previously boiled and filtered. 
Firm clot in 1 hour. 


The next series of experiments made were those in which we 
attempted to prepare fibrin-ferment by Schmidt’s method. Livers 


were cut up small and placed for about six weeks under absolute alcohol. 


They were then dried, and powdered. The effect of aqueous extracts of 
this powder on the rate of coagulation of salted plasma was then tried. 
Just as with the similar experiments performed with the kidney, no 
evidence of fibrin ferment was found. If there was any hastening of the 
coagulation at all, this was not ‘lessened by boiling, and was thus due to 
inorganic salts. 

This section may be summed up as follows :— 

1. The liver cells do not contain peptone, proteoses, pepsin, myosin 
or mucin. 

2. They do not contain fibrin ferment. The slight hastening of 
coagulation sometimes noted in extravascular plasma is due partly to 
liver nucleo-albumin, a mother substance of the ferment, and partly to 
the calcium salts in the cells. 


C. GENERAL CONCLUSIONS. 


The chief facts I have already summarized section by section. There 
however still remain some remarks of a general nature to be made, in 


— 


— 


Ws 
* 
* 
1 
t 
— J 
* 
2 
* 
. 
4 
2 
4 
> 
~ 


846 W. D. HALLIBURTON. 


which we may compare the proteids yielded by lymph cells, kidney cells 
and liver cells. 

Albumin is either absent (kidney), or present in the merest traces, 
(lymph cells, liver). 

The proteids present fall into two classes; nucleo-albumins and 


8 globulins, The nucleo-albumin of lymph cells and of kidney cells is 


obtainable either by what I have called the sodium chloride method, or 
the acetic acid method. The nucleo-albumin of liver cells differs from 
these in the fact that it is obtainable by the latter method only. This 
proteid appears to be the most abundant albuminous constituent of 
kidney cells, and of lymph cells, but it is present in, or at least obtain- 
able in only small quantities from liver cells. The liver nucleo-albumin 
is also remarkable for its high percentage of phosphorus. All these 
produce intravascular clotting, and there is but little doubt that this 
is due to the fact that the nucleo-albumins from cells are as Pekel- 
haring has shown, the mother substances of fibrin ferment. 

In all these varieties of cells there is a globulin which is coagulated 
by heat at 48°—50°. There is in addition to this in the liver cells, a 
globulin which is coagulated by heat at about 70°C. 

The proteid which I formerly called cell-globulin 8 (obtained from 
lymph cells) is a nucleo-albumin. Whether it is a different one from 
that already mentioned, or part of the same in a somewhat modified form 
must be the subject of renewed research. In the sections relating to 
this proteid I have assumed for the present that they are identical. 


3 August, 1892. 
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THE INFLUENCE OF LIGHT ON THE GAS EXCHANGE 
IN ANIMAL TISSUES. By CARL A. EWALD, A.B. 
Student of Medicine in Harvard University. 


Ir has long been a disputed question whether light, by direct action on 
animal tissue, can influence the CO, excretion as it does the oxygen 
excretion of a plant by direct action on the chlorophyl of the leaf. 
Moleschott* was the first to experiment in this direction. He found 
that a frog, for equal periods of time, gave off from n to } more CO, in 
the light than in the dark. These results could not, however, be 
accepted as proving any direct effect of light on the CO, excretion. 
Moleschott did not provide that the muscular activity of his frogs 
should be the same in the light as in the dark. The animals were placed 
in a glass chamber and allowed to regulate their muscular movements 
as it suited them. We know that light tends to increase the muscular 
activity of an animal. Moreover, Speck“ has shown that the muscles 
are the principal seat of the CO, production in the animal body. He 
demonstrated that a man raising his arm twice in a minute thereby 
caused his CO, excretion to increase in the ratio of 100 to 108. Raising 
his arms three times a minute increased it in the ratio of 100 to 114. 
It is therefore clear that if the frogs in Moleschott's experiments were 
more active in the light than in the dark—as there is every reason to 
suppose they were—the results would have little value as showing any 
effect of light by direct action on the tissues. We may assume that the 
light in this case served merely to stimulate the animals to increased 
muscular activity, which would account for the increase in the CO, 


production. 
The objections urged against the results obtained by Moleschott’s 


1 Moleschott. “ Ueber den Einfluss des Lichtes auf die Menge der vom Thierkörper 
i Kohlensäure.“ Wiener Med. Wochenschrift, 1855. 
Speck. Ueber den Einfluss des Lichtes auf den Stoffwechsel. Archiv fiir experi- 
mentelle Pathologie und Pharmakologie xu. 1880. S. 1. 
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method led Chasanowitz' to repeat the experiment with greater pre- 
cautions. He divided the spinal cord of a frog “ high up” in order to 
do away with any muscular activity, and then exposed the animal 
alternately to light and darkness. He found that for equal periods of 
time the amount of CO, given off in the light exceeded by 50°/, that 
given off in the dark. But even this experiment could not be regarded 
as showing any direct effect of light on the tissues. Loeb* demonstrated 
this fact. He cut the spinal cord in two frogs and on exposing them to 
light he observed in one animal distinct muscular twitchings. This 
frog, at the same time, took up 100°/, more oxygen and excreted corre- 
spondingly more CO, than the quiet one for the same period of time. 
Loeb reasonably concludes from this that light may act as a peri- 
pheral stimulus to cause the innervation of the severed spinal cord 
just as an electric current would. From the cord nerve-impulses may 
then go out to the muscles, causing them to contract or at least to 
increase their tonicity, either condition resulting in an increased pro- 
duction of CO,. 

Let us next consider a class of experiments to which the foregoing 
objections do not apply—namely those of Moleschott and Fubini on 
excised tissues of freshly killed animals. Fubini’s observations on the 
brain and spinal cord may be taken as a type of this class. Fubini“ 
found that the excised brain and spinal cord of a freshly killed dog gave 
off 49°/, more CO, in the light than for an equal period of time in the 
dark. To assure himself that the brain and cord remained in the fresh 
condition throughout the experiment, he stimulated the nerves that 
remained in the animal. As long as these responded to the stimulus 
he assumed them to be in practically the same condition as during life, 
and that the excised brain and cord were therefore also in the condition 
of life. Similar experiments on excised muscles“ gave results which, 
while not so striking as those on the brain, still seemed to point in the 
same direction. 


It would appear at first as though the evidence afforded by this 


' Chasanowitz. Ueber den Einfluss des Lichtes auf die Kohlensi heidung 
im thierischen Organismus.“ Inaug.-Dissert. Königsberg, 1872. 

2 Loeb. Der Einfluss des Lichtes auf die Oxidationsvorginge in thierischen 
Organismen.“ Pfliiger’s Archiv fiir die gesammte Physiologie. 1888. S. 399. 

* Fubini. Influenza della luce sulla respirazione del tessuto nervoso,” 1879. 
Referred to in Moleschott’s Untersuchungen zur Naturlehre des Menschen und der Thiere. 
Bd. xiv. 

4 Jac. Moleschott und 8. Fubini. Moleschott’s Untersuchungen zur Naturlehre 
des Menschen und der Thiere, Bd. x11. 
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method of Fubini and Moleschott argued strongly for a direct effect 
of light. When we consider, however, what a very perishable tissue the 
brain is, after its nottrishment is once cut off, we may strongly suspect 
the possibility of post-mortem changes in the brains used by Fubini, 
especially as the experiments extended over periods of from two to four 
hours. The brain, moreover, differs considerably in structure from the 
nerves which Fubini used to test the condition of the brains in his 
experiment. It is not safe to argue from one to the other. Again, a 
nerve left in an animal's body would in all probability preserve its 
integrity much longer than if excised. 

A study of the figures from the experiments on muscles lessens still 
further our confidence as to the correctness of the conclusions. The 
results are extremely erratic. In Table XI., for example, we find that a 
series of three observations on the excised muscles of a frog showed the 
following CO, excretion per hour: In the dark 0085 grammes; in light 
0051; again in the dark 0006. That is to say, of the two observations 
in the dark the first showed a CO, production more than fourteen times 
as great as the second. Moreover, the results from the two observations 
in the dark differed from one another more widely than either did from 
that obtained in the light. Soin Table XII. a series of four observa- 
tions on the muscles of a rabbit yielded the following CO, production 
per hour: Dark 0015; Light 0000; Dark 0028; Light 0076. Such 
extreme variations in the results make it probable that the errors of 
the experiment were not fully provided against. 

We may next consider the studies of Otto von Platen and those of 
Speck on the effect of light acting through the retina. 

Von Platen“ used rabbits in his experiments. He fastened before 
their eyes small glass plates mounted in frames and so arranged that 
they could readily be covered when the light was to be excluded. 
Tracheotomy was then performed on an animal and the tube connected 
with a Roehrig-Zuntz respiration apparatus. The air entering the 
lungs was deprived of its CO, by being passed through a solution of 
potassic hydrate. The exhaled air was also conducted through a similar 
solution, to which it yielded the CO, given off by the animal. The 
latter CO, was then set free by means of phosphoric acid, and the 
amount determined. Von Platen found by this method that the 
amount of CO, given off by a rabbit when the light was acting on the 


1 Jac. Moleschott and 8. Fubini. Op. cit. p. 402. 
* Otto von Platen. ‘‘Ueber den Einfluss des Auges auf den thierischen Stoff. 
wechsel. Pfliiger’s Archiv fiir die gesammte Physiologie. Bd. xi. S. 272. 
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retina exceeded that excreted in the dark in the ratio of 114 to 100. 
But here again the difference may be due to a difference in muscular 
activity. The animals, while not free to run about, were still capable of 
muscular movements. Moreover the abnormal condition of the animals 
and the wide variation in the results shown in Von Platen’s Tables 
throw further doubt on his conclusions. Let us look at some of the 
figures: Von Platen made his observations in series of four or more— ~ 
the first, for example, in the dark, the second in the light, the third 
again in the dark etc. In Series I. we find that during the first 
observation, which was made in the dark, the CO, excretion per minute 
was 12°73 cu. cm. The next observation was made in the light, and 
the CO, given off per minute was 21°39 cu. em. The third, which 
was again dark, showed a CO, excretion of 17°53 cu. cm. per minute, 
while the fourth—in the light—gave only 12°09 cu. cm. per minute. 
That is, the minimum as well as the maximum production of CO, took 
place in the light; and the excretion in the third, which was in the dark, 
exceeded that in the next observation, which was in the light, by 45 °/,. 
In Series VII. we find again that both the smallest and the largest CO, 
production occurred in the light. Series VIII. consisted of ten obser- 
vations. Of these the second, made in the dark, yielded the largest 
amount of CO, It is evident that if light had any effect on the CO, 
excretion in these experiments it must have been quite obscured by 
other and greater influences. These latter need to be eliminated before 
the effect of light can be properly studied. 

Speck’s' observations were made on his own person. He seated 
himself before his apparatus in such a position that the conditions of 
muscular activity should be as uniform as possible. His eyes were blind- 
folded by means of a cloth for the observations where light was to be 
excluded. The rate of respiration was also noted. 

An average of the results obtained by Speck showed that the 
amount of CO, given off when the eyes were exposed exceeded that 
given off in the dark in the ratio of 104 to 100. Any significance 
which could be attached to this slight difference is further lessened by 
the fact that the rate of respiration was greater while the eyes were 
exposed than in the dark, the ratio being 107 to 100. In other words, 
the increased gas exchange which a more rapid breathing implies would 
account for the apparent increase of CO, given off in the light. Speck, 
therefore, concludes from his experiments that where the muscular 


1 I. Speck. Untersuchungen über den Einfluss des Lichtes auf den Stoffwechsel.“ 
Archiv fiir exper. Pathol, u. Phurma kol. Bd. xu, S. 1, 
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activity of an animal remains unchanged light acting through the retina 
does not appreciably influence the gas exchange. 

In 1888 Loeb! published a series of experiments which approached 
the question from a still different point. He chose for his purpose the 
chrysalides of certain butterflies and moths (Sphinx Ligustri; S. Eu- 
phorbie; Papilo Machaon; P. Podalyrius.) The advantage of using 
chrysalides was that the virtual absence of muscular tissue did away 
with the chances of error from the indirect effect of light. The chrysalis 
of an insect.continually gives off CO, without, at the same time, ingest- 
ing any substance containing carbon. The result is a steady diminution 
of weight, which may be taken as a measure of the CO, excretion. 
Loeb placed his chrysalides in glass vessels. For the observations in 
the light these were immersed in clear water, while a solution of ni- 
grosin served to shut out the light for the observations in darkness. 
By thus immersing the chrysalides in liquids a uniform temperature 
could readily be maintained. 

Loeb determined the CO, excretion both by finding the loss in 
weight sustained by the chrysalides during the trials, and also by 
measuring directly the volume of the CO, given off. The result of his 
experiments leads him to the conclusion that light has no direct effect 
on the gas excretion of an animal tissue. Unfortunately, however, 
whether this conclusion is correct or not, the methods by which it was 
reached are by no means beyond criticism. The chrysalis of an insect 
is, in the first place, an unsatisfactory choice ; for, admitting it to be a 
fair type of normal animal tissue, the effect of light in this case would 
be largely prevented by the nature of the covering which invests the 
creature. Again, the extreme variableness in the results obtained by 
Loeb suggests a doubt as to whether all the sources of error in the experi- 
ment were eliminated. For example, Loeb gets this series of ratios 
in one of his tables: — 12; 2:0; 19; 10; 25; 15; 19; 20. Theoreti- 
cally these should all be alike, yet the fifth is more than twice as great 
as the fourth. It would be difficult to assume that such great and 
sudden variations could be due to changes in the metabolism of the 
animals. If they are not due to such changes, and not due to the 
influence of light, we should naturally attribute them to errors in the 
method of conducting the experiments. 

It remains for us to consider, in brief, the latest work which has 
appeared on this subject of the direct effect of light, namely, that of 


1 Loeb. loc. cit. 
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Fubini and Benedicentin These observers used certain hibernat- 
ing dormice and bats (Myoxus glis: M. avellanarius; Plecotus auritus; 
and Vespertilio Murinus). The experiments were carried on while the 
animals were in “full winter sleep.” It was assumed that in this con- 
dition they were incapable of muscular activity, beyond the slight 
movements of respiration. The results showed an apparent increase 
in the amount of CO, given off in the light over that excreted in the 
dark—the ratio being 100 to 76. 

It is not clear just what advantage this method has over the one 
employed by Chasanowitz. If a frog with its spinal cord divided 
is still capable of muscular movements under the stimulus of light a 
healthy animal merely asleep is probably capable of as much. In fact 
Markwald® observed that in a hibernating marmot “skin reflexes 
existed and always liberated an expiratory movement.” It is not un- 
reasonable to suspect that light may act as a stimulus to set up such 
reflexes. 

We have, moreover, in hibernating mammals an additional source 
of error due to variations in the respiratory movements. Mosso’ 
noticed the Cheyne-Stokes respiration in an animal belonging to one 
of the same species that were used in the experiments of Fubini and 
Benedicenti, namely, in Myoxus avellanarius, He observed, for 
example, that after two respirations, which were about the normal 
interval apart, there was a pause of 12 seconds followed by four respira- 
tions; then a pause of 16 seconds followed again by four respirations, 
This irregularity in the breathing lasted several minutes. Bongers‘ 
also observed a similar breathing in the hedgehog during hibernation. _ 
One animal on January 8th in a temperature of 10°C. did not make 
any respiratory movements for periods of 40 minutes. These periods 
alternated with groups of 17 to 18 respirations. On January 9th, with 
the temperature again 10°C. the intervals lasted 33 to 34 minutes, and 
alternated with groups of 15 to 17 respirations. On April 4th in a 
temperature of 10°C. the groups numbered each 12 to 13 respirations, 
and were separated by intervals of 38 to 40 minutes. We have, there- 
fore, in a hibernating animal very considerable irregularities of respira- 


8. Fubini und A. Benedicenti. Ueber den Einfluss des Lichtes auf den 
Chemismus der Athmung.“ Moleschott’s Untersuchungen, Bd. x1v. S. 623. 

* Max Markwald. Movements of Respiration, London, 1888, p. 72. 

Angelo Mosso. ‘“ Ueber die gegenseitigen Beziehungen der Bauch- und Brustath- 
mung.” Du Bois-Reymond’s Archiv fiir Physiologie, 1878. S. 451. 

Paul Bongers. ‘‘Ueber die Athmung des Igels im Winterschlaf.“ Du Bois-Rey- 
mond’s Archiv fiir Physiologie, 1884, S. 327. 
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tion, even under the same conditions of temperature. We should expect 
the CO, excretion in such an animal to show much variation aside from 
any effect of light. This is in fact borne out by the experiments of 
Horvath, who found that a marmot (Spermophilus citillus) during 
hibernation gave off 025 gr. of CO, in three hours. In the next three 
hours under apparently the same conditions the animal excreted 046 gr. 
Horvath also noticed in this same marmot considerable variations in 
the rate of respiration. The animal at one time would breathe seven 
times a minute, and a quarter of an hour later only five. Furthermore, 
the rate of respiration stood in no apparent relation to the temperature 
of the animal or of its surroundings. Finally, Horvath observed that 
the hibernating marmots often changed their position, that they oc- 
casionally scratched themselves, and that they closed their eyelids more 
tightly when these were touched. 

It is evident from the foregoing that in selecting hibernating 
animals for their experiments Fubini and Benedicenti did not eli- 
minate the sources of error which weakened the conclusions of most of 
their predecessors in this field. 

In these experiments, again, as in those of Loeb the absence in the 
results of anything like uniformity throws a further suspicion on any 
conclusions drawn from them. In one case the CO, excretion of 
Myoxus glis in the light at a temperature of 10° exceeded that given off 
in darkness in the ratio of 100 to 93, while another animal of the same 
species at a lower temperature showed a CO, excretion in the light 
exceeding that in darkness in the ratio of 100 to 48. If light has any 
influence on the gas exchange of an animal we should expect this 
influence to be as effective at 10° as at 8° or 9°. We cannot refer such 
extreme variations entirely to individual peculiarities in the animals 
used. We must assume either that the animals were in different 
conditions as regards, e.g. the possibility of muscular activity, or that all 
the errors likely to arise in the course of the experiments were not fully 
eliminated. 

With this brief review of some of the most important work that has 
thus far been done to determine the effect of light on animal tissue, the 
writer would here present the results of a set of experiments just brought 
to a close in the Physiological Laboratory of the Harvard Medical School. 
He ventures to hope that the method here used does away with the 
sources of error reviewed in the preceding paragraphs. The writer begs 


Alexis Horvath. Beitriige zur Lehre über den Winterschlaf. Verhandlungen 
der Physikal.-Medicin. Gesellschaft in Wiirzburg, Bd. xu. S. 171. 
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to acknowledge his obligations to Professor Bowditch and Dr J. W 
Warren for valuable advice both in preparing the necessary apparatus 
and in conducting the experiments. 

The animals used in these experiments were ordinary frogs (Rana 
palustris, R. fontinalis and R. pipiens), varying in weight from 65 to 85 
grammes. These were prepared by giving them a hypodermic injection 
of curare sufficient to cause complete paralysis of all the voluntary 
muscles, The eyes were left exposed, so that if light acting through the 
retina had any such influence on the gas exchange as Von Platen's 
experiments appeared to show, this influence might assert itself. The 
frog was chosen as especially suitable because paralysis of the muscles 
of respiration does not endanger the life of the animal. The respiratory 
function can be adequately carried on through the skin. A frog 
properly curarized may be kept several days in a condition of complete 
paralysis, so far as the voluntary muscles are concerned, and yet the 
heart during the whole time will be beating regularly. By using such 
an animal we are enabled to avoid error from any indirect effect of light 
on the muscles, secondly, there is no possibility of post-mortem changes, 
finally, we are dealing with typical animal tissue which can be directly 
exposed to the light. 

The apparatus used in the experiments will be readily understood 
by a glance at the figure. It consists essentially of a glass chamber, B, 


open at the bottom. The edges are ground so as to fit tightly to the 
glass plate P. The top is closed by a large cork, through which pass a 
thermometer 7’, a glass tube connecting with the filter-bottle A, and an 
exit tube which connects with the bulb-tube C. The tube E is con- 
nected with an aspirator. 

To put the apparatus in readiness for an observation the bottle A 
is filled 4 full of a strong solution of sodic hydrate. The curarized frogs 
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are placed in the chamber B, the bulb-tube C removed, and the aspirator 
tube E connected directly with D. The aspirator is then started and a 
current of air drawn through the apparatus. As this air passes first 
through the sodic hydrate solution in A it enters B freed of CO, so that 
all the CO, which passes through the tube D must have been given off 
by the frogs. While this current of air is being passed through the 
chamber B we pour into the bulb-tube, first carefully washed and dried, 
100 cu. em. of a standard solution of baric hydrate’. This is then con- 
nected with D and E and the time and temperature noted. The air, as 
before, passes through the sodic hydrate, where it is filtered of its CO,, 
then into the chamber B, where it mixes with the CO, given off by the 
frogs. From B it passes through the bulb-tube C, where it gives up its 
CO, to the baric hydrate solution, forming a precipitate of baric car- 
bonate. After the current of air mixed with the CO, has passed through 
the barium solution for, say, three-quarters of an hour the bulb-tube C 
is removed and the time and temperature again noted. D is now 
connected with #, and the chamber B covered with a perfectly opaque 
cloth. The barium solution through which the CO, has just passed is 
poured from C into a clean, dry flask and tightly corked. The bulb- 
tube is washed and thoroughly dried“, 100 cu. cm. of the standard 
barium solution poured in and we are ready for an observation in the 
dark. 

While the CO, from the frogs is passing through the second 100 cu. 
em. of barium solution we may filter the first solution into a dry flask. 
We then measure off 25 cu. em. of the filtrate, add a few drops of a 
rosolic acid solution and then from a burette allow enough of a pre- 
viously prepared sulphuric acid solution® to drop in till the neutraliza- 
tion point is just reached. This is readily determined by the disappear- 
ance of the colour imparted by the rosolic acid. We repeat this twice 
with 25 cu. em., and from the three readings of the burette we get the 
average amount of the sulphuric acid solution necessary to neutralize 
25 cu. em. of the barium solution after the CO, from the frogs has 
passed through; multiplying this by four gives the amount necessary 
to neutralize the 100 cu. em. We shall have previously determined 
how much of the sulphuric acid solution is required to neutralize 100 


250 cu. cm. of a saturated solution of baric hydrate added to 2500 cu. cm. of distilled 
water is about the proportion used here. 

* To hasten the drying rinse with alcohol and dry with small bellows. 

10 cu. em. of concentrated sulphuric acid to 2500 cu. em. of distilled water is about 
right. 
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cu. cm. of the barium solution before any CO, has been passed through. 
Subtracting from this the result obtained above we can find in terms 
of cu. em. of the standard acid solution how much CO, the frogs excreted 
in the given time. It is not necessary to know the absolute amount of 
CO, i.e. its weight, what we want to know is the relation between the 
amount given off in the light and that given off in the dark during 
equal periods of time. This can be as readily determined by finding 
the amount of CO, in terms of cu. em. of our acid solution as though 
we knew it in grammes. We can, however, calculate the absolute 
weight in the ordinary way, by determining the value of a cubic 
centimeter of the sulphuric acid solution in terms of a known solution 
of oxalic acid. 

When a frog is given a dose of curare the metabolism of the animal 
as measured by the CO, excretion shows the following peculiarities : 
There is first a rapid falling off in the amount of CO, produced. This 
corresponds to the frog’s “ going under.” Next follows a period during 
which the CO, production remains nearly uniform. This period of 
approximate stability is in turn followed by a gradual return to the 
normal, which marks the recovery of the animal from the effects of the 
drug. The first of these conditions, namely, that of decreasing metabol- 
ism, continues during a period varying from a half-hour to 4 or 5 hours. 
The second condition, in-which the metabolism is nearly uniform, lasts 
from say 10 hours to 2 or 3 days. The larger the dose“ the more quickly 
will the animal “go under, 

These conclusions are the result of a series of observations made on 
curarized frogs under uniform conditions of light and temperature. 
They are also borne out by a study of the accompanying table. The 
observations in Series IX., X. and XIII., for example, may be considered 
as having been made while the metabolism of the animals was on the 
decrease. In Series III., VI., XI., and XV. we have represented the 
condition of stability; while II., XII., XVI., and XVII. were made 
while the animals were recovering. In Series V., however, we meet an 
anomaly. We have a steady diminution in the CO, excretion in spite 
of the fact that the frogs were curarized eighteen hours before. It is 
possible that an additional dose may have been given just before the 
beginning of the series to make sure the frogs should not recover before 
the close, but the writer has no note to that effect. 

From what has been said of the action of curare it is clear that we 


‘and the longer will it remain so. 


1 Curare is a drug of rather uncertain strength. The proper dose must therefore be 
determined in each case by experiment. The writer used 4 to 6 minims of a 4,/° solution. 
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should make our observations in series of three, for example, one in 
the dark, the next in the light, and the third again in the dark—for we 
may happen to be studying the CO, excretion while it is either on the 
decrease or on the increase. In that case an average of the first and 
third observations would be equal to the second, unless light or other 
external conditions influenced the excretion. In this way, moreover, 
we lessen the error from any gradual increase or decrease of temperature 
that may occur during a series of observations. 

The frogs need not be disturbed from the time they are placed in 
the chamber till the end of the series. During the interval between 
two observations the current of air is kept passing through the chamber 
to prevent any accumulation of CO,, and the chamber is darkened 
or not, according as the next observation is to be in the dark or light. 
At the end of a series the frogs are examined to make sure they have 
neither died nor recovered. The former may be done either by observ- 
ing the hearts’ impulse against the chest-wall or the circulation in 
the web of the foot under the microscope ; the latter is determined by 
stimulating the animals. The apparatus is tested from time to time 
to see that the sodic hydrate solution is efficient in freeing the air drawn 
into the chamber of its CO,, and that the baric hydrate solution is 
capable of taking up all the CO, given off by the frogs. 

Results. The writer made seventeen series of three observations 
each, the results of which are arranged in the following table :— 
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A glance at this table will show that in only three cases is there a 
difference amounting to as much as 6°/, between the CO, excreted in 
the light and that given off in the dark. In two of these, moreover, 
the difference can be explained. Thus in Series IV., which shows a 
decrease in the dark of 93 /, it was found on examining the frogs at 
the end of the series that one had sufficiently recovered to be able to 
make muscular movements when the foot was mechanically stimulated. 
In VII. the frogs had been curarized the day before, and as one had 
partly recovered it was given a small dose at the beginning of the series. 
The occasional twitch which the animal gave on being stimulated was 
thought too slight to be appreciable in the result; but the increased 
amount of CO, given off in the first hour, —that is before the second 
dose could take effect,—apparently points to the contrary. In XIII. 
the frogs had only been curarized an hour and a half. It is possible 
here that the animals were not entirely paralyzed during the first two 
hours, which, if true, would account for the larger amount of CO, given 
off in the light. 

Taking the average of the seventeen series we find that the CO, 
excreted in the light exceeds that produced in the dark by less than 
two per cent., the ratio being 100: 983. If we throw out IV. and VII., 
where we can apparently explain the increased excretion in the light, 
we find the average ratio of the remaining fifteen series to be 100: 99, 
that is, a difference between the gas exchange in light and darkness of 
one per cent., which is less than the probable error of the experiment. 
From this we may fairly conclude that in the case of a curarized frog, 
where the possibility of muscular action is eliminated, light does not 
in any appreciable way influence the CO, excretion. 
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GRAPHIC RECORDS OF THE ACTION OF CHLORO- 
FORM AND ETHER ON THE VASCULAR SYS- 
TEM. By JOHN A. MACWILLIAM, M D., Professor of the 
Institutes of Medicine in the University of Aberdeen. (Pl. XXV.) 


THE object in making the tracings some of which are now published 
was to obtain a graphic record not only of the blood-pressure but 
simultaneous records of the action of the auricles and the ventricles 
under the influence of chloroform and ether, so as to obtain information 
as to the cardiac condition directly from the organ itself, and to cor- 
relate the changes in blood-pressure with the state of the heart at the 
time. Blood-pressure tracings by themselves, or taken along with 
respiratory traces, are entirely untrustworthy guides to the state of the 
heart under anesthetics. The oscillations in blood-pressure tracings 
caused by the heart-beats do not give accurate indications as to the 
state of even the left ventricle—much less of the other parts of the 
organ. And even the general level of the blood-pressure does not 
prove a reliable guide to the cardiac condition. For it is obvious that 
the pressure may be profoundly affected by changes in the heart’s action, 
by changes in the peripheral resistance (systemic or pulmonary), or by 
both these causes combined; and the kymograph, while demonstrating 
the occurrence of alterations in the height of the pressure does not 
afford the data necessary for analysing the causation of such altera- 
tions. 

The method of passing a needle through the chest wall into the 
heart, so that the beats of the organ may be indicated by movements 
of the part of the needle outside the body, is not free from the danger 
of serious error, as rhythmic movement often goes on after the heart 
has become enfeebled, dilated, and incapable of effective action in 
keeping up the circulation. 

My experiments were mainly performed upon cats, and the tracings 
now reproduced were obtained from that animal. Complete anesthesia 
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was first induced by placing the animal in a box of considerable size 
with some chloroform. The cat was then secured upon a Czermak’s 
holder in the usual way, a tin of warm water being interposed to 
maintain the temperature as far as possible. A Ludwig’s kymograph 
was connected with the left carotid artery so as to give a blood-pressure 
record in the ordinary manner. A cannula was then introduced into 
the trachea, and through this artificial respiration was maintained, a 
bellows worked steadily and regularly (by a small water-motor) at a 
known rate being used to supply a uniform amount of air at each 
stroke. The expired air escaped through side apertures. 

The thoracic cavity was now opened, and a portion of the thoracic 
wall over the heart, including the lower part of the sternum, was re- 
moved. Ligatures were applied around the ribs before they were cut 
through in order to avoid hemorrhage. The internal mammary arteries 
were clamped, and hemostatics were applied to cut surfaces of bone &c. 
when necessary to prevent bleeding. The pericardial sac was laid open, 
and the recording apparatus applied. The whole operation was accom- 
plished with only a very trifling loss of blood. 

The apparatus used to record the heart’s action was such as I have 
already described in this Journal (Vol. IX.). It is adapted for register- 
ing the beats of one auricle and one ventricle simultaneously. Either 
auricle can be recorded; sometimes the one and sometimes the other 
was used in my experiments. The dorsal part of the auricle was first 
steadied by fixing in a clamp the parietal pericardium close to the auri- 
cular tissue, care being taken not to include any of the latter in the 
clamp. (The clamp was firmly held in position by a brass rod.) A fixed 
point being afforded in this way, a thread was attached to the tip of the 
auricular. appendix and passed to a receiving tambour which trans- 
mitted its movements to a recording tambour; the latter was made to 
write upon the surface of smoked paper upon which the blood-pressure 
was recorded. Each contraction of the auricle pulls on the recording 
tambour through the communicating thread, and thus causes a move- 
ment of the lever of the recording tambour upon the smoked surface— 
a movement corresponding to each beat of the auricle. Moreover, an 
increased distension or a collapse of the auricular chamber will lead to a 
rise or fall of the level of the recording lever—the level from which the 
excursions caused by the individual beats start. 

In order to obtain a tracing of the ventricular action it was necessary 
in the first place to afford a firm bed for the ventricles to rest upon. 
This was supplied by a vulcanite trough, slipped under them, into which 
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the ventricular part of the heart fitted; the trough was held rigidly in 
position by a strong iron rod. Next, a float carried by a light lever 
belonging to a receiving tambour was made to rest on the ventral 
surface of the left ventricle, and as the receiving tambour communicated 
with a second (recording) tambour, the movements of the ventricle were 
indicated by movements of the lever of the recording tambour inscribing 
themselves on the smoked surface beneath the tracings written by the 
kymograph and the auricle. The beats of the ventricle are reproduced 
as a series of curves on the smoked paper. And any continued disten- 
sion or collapse of the ventricle is accompanied by a corresponding 
displacement (elevation or depression) of the general level of the 
recording lever—the level from which the curves caused by the 
individual systoles start. 

Control experiments by various other methods of registration (e.g. 
by light levers resting on the auricle and ventricle and recording their 
movements directly upon the smoked surface (without the intervention 
of tambours) have been performed; and there has been an entire agree- 
ment on all essential points among the results obtained by the different 
methods. 

The mechanical interference with the various parts involved in the 
employment of such a method of registering the cardiac action has 
remarkably little injurious effect on the vascular system. The heart 
beats with great regularity and energy for many hours; the blood- 
pressure continues satisfactory and the circulation is well maintained. 
The recording apparatus on the other hand was free from disturbance 
by the occurrence of muscular contraction in other parts. In some of the 
earlier experiments the phrenic nerves were cut to prevent any effect 
being exerted by possible contraction of the diaphragm, but this was 
soon found to be unnecessary. 

The experiments illustrated by the tracings consisted in the further 
administration of an anesthetic (chloroform or ether) to an animal 
already kept unconscious by chloroform. What was done while the 
tracings were being made was to induce a deeper degree of anesthesia ; 
and the effects of this on the vascular system were manifested in the 
tracings of the blood-pressure, the auricular, and the ventricular action. 
The anesthetic was administered in the following way :— 

The air sent into the animal's lungs from the bellows used for 
artificial respiration was made to pass through a bottle, a tube connected 
with the bellows being made to pass through the cork of the bottle and 
project downwards to within one-eighth of an inch of the bottom. The 
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air entering the bottle by this tube passed out by another tube piercing 
the cork ; this tube projected just beyond the surface of the cork inter- 
nally, and was connected outside the bottle with a piece of indiarubber 
tubing leading to the tracheal cannula. Between the bottle and the 
tracheal cannula there were two side tubes or lateral outlets through 
which a large part of the air sent by the bellows to the bottle escaped, 
so that only a small portion of the air that passed through the bottle 
reached the animal’s lungs. Through the same lateral apertures the air 
sent back from the lungs in expiration escaped. 

The anesthetic to be given was mixed with the air as it passed 
through the bottle. This was done by injecting the desired amounts of 
chloroform or ether into the bottle by means of a hypodermic syringe 
the needle of which passed through the cork. When chloroform was 
used, the amounts injected were small, commonly 1 minim at a time. 
For the evaporation of this amount about twelve (artificial) respiratory 
movements were usually required, and as each movement of the bellows 
sent fully 454 cubic inches of air through the bottle, the amount of 
chloroform in the air that left the bottle in the twelve respirations was 
1 minim in about 545 cubic inches of air. Now as 1 minim of chloro- 
form when evaporated gives only a small fraction over 1 cubic inch of 
vapour it is evident that the strength of chloroform vapour in the air 
taken over a period of twelve respirations was about 2 per cent. No 
doubt, the evaporation of the chloroform was more rapid during the 
earlier of the twelve respirations than during the later ones when the 
greater part of the anesthetic had been volatilised and the extent of sur- 
face exposed to contact with the air was lessened; but allowing for this, 
it is certain that at no time was the amount of chloroform vapour in the 
air more than 3 per cent. when 1 minim was used, and even when a 2nd 
minim was used before the first had evaporated, the strength of chloro- 
form was never over 4 per cent. 

Various samples of chloroform (from Morson and Son, Martindale 
and others) were used, and each sample was tested with the following 
results :— 


(1) Appearance and smell of pure chloroform. 

(2) Specific gravity 1497. 

(3) Absolutely neutral to litmus paper. 

(4) When dropped into distilled water transparent rere were 
formed with no milky halo of opalescence. 

(5) Not coloured on agitation with sulphuric acid. 
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(6) When shaken with distilled water, nitrate of silver gives no 
precipitate. 

(7) No green colour with chromic acid. 

(8) Iodine gives a violet colour. 

Ether of the specific gravity of 0°725 was used. It was employed 
much more freely than chloroform, and much larger amounts (15—25 
minims) were injected at a time into the bottle—to be mixed with the 
air passing through. 

When the effects of an increased amount t of anzsthetic were about 
to be tested, the condition of the animal was always such that it was 
unconscious and motionless, the heart action and the blood-pressure 
tracing steady and regular, the majority of the reflexes abolished, but 
the conjunctival reflex was frequently present. When the action of 
chloroform was to be examined, a further amount of the anesthetic 
(1—2 minims) was then slowly injected drop by drop into the bottle to 
evaporate and become mingled with the air passing to the animal’s 
lungs. But as the greater part of the air sent through the bottle 
escaped through the side tubes, only a small amount of the chloroform 
actually reached the pulmonary air-cells. Meanwhile the state of the 
conjunctival reflex and the general condition of the animal were closely 
watched. Often, the chloroform was given in sufficient amount to 
cause complete loss of the conjunctival reflex ; but frequently marked 
changes in the state of the heart and the blood-pressure were mani- 
fested before this point was reached. 

When the action of ether was to be examined the mode of procedure 
was precisely the same, except that the dose given was much larger 
(e.g. 25 minims at a time) and more rapidly injected into the bottle, 
instead of being gradually introduced drop by drop as in the case of 
chloroform. 

The tracings shown in Plate XXV. are a few selected out of the large 
number made to illustrate some of the main points in the action of 
chloroform and ether on the vascular system. The tracings were made 
on blackened sheets of paper about eight feet long. Certain parts of 
the tracings are cut out and reproduced, it being impracticable to 
reproduce the whole length of the tracing and to show the changes 
extending over long periods. Hence the prolonged changes and series 
of events recorded in the tracings can not be shown; it is only experi- 
ments with phenomena of comparatively short duration that can 
be exhibited here. 


My investigation of the action of anwsthetics was commenced 
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systematically in 1888, and pursued at intervals since then. The 
tracings here reproduced were made in the early part of 1890, though 
most of my conclusions had been arrived at long before then. For 
much assistance in the making of these tracings I am indebted to 
Mr C. W. T. Stephenson, MB., and Mr H. O. Nicholson, M.B. 

The main results of my investigation were stated in a paper read 
(in abstract) at the British Medical Association meeting at Birmingham 
in August 1890, and published in the British Medical Journal (Oct. 11, 
18, and 25, 1890). 

The chief points to be noticed in these tracings are :— 

(1) The evidences of enfeeblement and dilatation manifested in 
the heart under the influence of chloroform, these changes frequently 
beginning even before the conjunctival reflex was abolished and when 
the fall of blood-pressure was not greater, and often not so great, as 
during chloroform anesthesia brought about by inhalation in the usual 
way. The state of the blood-pressure and the conjunctival reflex con- 
trovert the idea that there an excessive dose of chloroform was present 
in the circulation. For if such had been the case the conjunctival 
reflex ought to be completely absent, and the blood-pressure lowered to 
an extreme degree. It is to be specially borne in mind also that the 
chloroform was not given in too concentrated a form, but freely mixed 
with air, to quite as great a degree as when the anesthetic is given by 
inhalation in the ordinary way. The depressing changes in the heart 
shown by these tracings are of the same nature as those which can be 
seen in the heart on inspection at a deeper stage of anesthesia. And 
they are quite in harmony with. what is seen when the chest is 
suddenly opened and the heart exposed in an animal brought deeply 
under the influence of chloroform in the usual way—by inhalation. 
Moreover, they accord with the evidence supplied by the sudden 
occurrence of death, clearly due to cardiac failure and not remediable 
by means adapted to meet a failure in the respiration and in the 
peripheral resistance in the vascular system. 

It may be noticed that while the force and tone of the heart are 
depressed by chloroform there is no great change in the rhythm. The 
heart is beating rapidly in these experiments; the medullary cardiac 
inhibitory centre is paralysed by the anzsthetic. 

(2) The contrast between the effects of ether and chloroform upon 
the heart when the respective anesthetics are administered, freely 
diluted with air, in such an amount as to cause abolition of the 
conjunctival reflex. The conditions of experimentation were precisely 
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the same in the two cases, when ether and when chloroform were given, 
except that the former anesthetic was given much more freely than 
the latter. The experiments were strictly comparative, and hence it is 
evident that any objection based on the abnormal conditions of the 
experiment are hardly applicable as regards the comparative influence 
of the two drugs; for the same conditions are present in the two 
cases. | 

It is quite certain that an elevation of the general level of the 
auricular and ventricular tracings is actually due to dilatation of the 
auricle and ventricle respectively, and affords an accurate indication of 
the occurrence and degree of such dilatation. When the elevation of 
the general level of the tracing is extensive the distension causing it 
can be recognised by the eye—in the case of the exposed heart. The 
elevation of the level of the tracing is not produced simply by a 
weakening of the beat—by a diminished momentum of the recording 
lever causing it to show a diminished excursion, A simple reduction 
of the cardiac force would indeed give a diminished excursion, but 
unless the auricle or ventricle became distended or collapsed the tracing 
would show the same level or base line as before: each excursion of 
the recording lever would start from the same level as before. When a 
fall of blood-pressure is brought about by means not directly affecting 
the heart, e.g. by section of the splanchnic nerves, the force of the 
heart’s beat becomes much depressed, in consequence of the fall of 
pressure but the general level of the tracing is never elevated—a 
marked contrast to what occurs when a fall of blood-pressure is brought 
about by the influence of chloroform. 

The dilatation of the heart caused by chloroform is due to a 
direct action of the anesthetic upon the cardiac mechanism. It is not 
obviated by section of the vagus nerves. Nor does it depend upon the 
fall of systemic arterial pressure. For evidences of slight expansion 
may begin to show themselves before the pressure begins to fall, and 
indeed during the very temporary rise of pressure which sometimes 
occurs before the fall. And the fact that a fall of pressure brought 
about by means not directly affecting the heart (e.g. section of vaso- 
motor nerves) causes no such dilatation. Obstruction of the pulmonary 
circulation, also, if it were brought about by the influence of chloroform 
upon the vessels of the lungs, would be entirely inadequate to produce 
the cardiac change in question. And there is conclusive evidence avail- 
able to show that pulmonary obstruction is not present. For then the 
pulmonary artery would, in consequence of the increased resistance in 
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the lungs, become distended by the augmented pressure within it. But 
this is not the case. The pulmonary artery is small and lax; the 
pressure within the vessel is low. 

All the tracings are to be read from right to left. They have 
been reduced to one-half the original size. 

The uppermost tracing on each sheet is a record of the blood- 
pressure taken from the carotid artery by means of a Ludwig's 
kymograph in the ordinary way. 

The next line shows the movement of an electrical signal which 
marked the moment at which the administration of chloroform or ether 
was begun, i.e. the moment at which the injection of the drug into the 
anesthetic bottle was commenced. 

The third line is the abscissa or zero-line of the blood-pressure 
tracing. 
The fourth trace marks time. Each downward movement marks 

the passage of one second. 

The next tracing shows the action of the auricle; in all the tracings 
here reproduced the left auricle was the one registered. The force of 
the auricular beats is indicated by the amplitude of the up-and-down 
movements (excursion) of the lever. Alterations in the level of the 
base of the tracing indicate changes in the size of the auricular chamber. 
A rise in the general level—a rise from the base line of the tracing— 
indicates that the auricle has become dilated. 

A line has been drawn along the base of the tracing to show its 
level before the giving of more of the anzsthetic. 

The lowest tracing is a record of the action of the left ventricle. 
As in the auricular trace the force of the beats is indicated by the 
extent of the up-and-down movements of the recording lever, while 
change in the diameter of the ventricle is manifested by an alteration 
in the level of the tracing. Dilatation of the ventricle causes the 
tracing to rise from its former level—to rise from a line drawn through 
the basal part of the trace before the dilatation began. 

The rate of the artificial respiratory movement is indicated in both 
the auricular and ventricular tracings by a minute rhythmical variation 
in the height of the curves. This variation often becomes more 
extensive under the influence of chloroform partly, at least, because the 
distended auricle and ventricle are then more affected by the movements 
of the lungs. 
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Remarks on the Tracings (Plate XXV). 


Tracing 1. This shows in a striking way the influence of chloroform 
on the heart. The administration of the anesthetic was begun at the 
point marked on the signal trace, and at that time the conjunctival 
reflex was present. The changes in the blood-pressure and the heart 
began to be manifested almost immediately. The blood-pressure falls 
gradually and at the same time the auricular and ventricular tracings . 
not only become much reduced in height —shewing a diminution in the 
force of the beats—but they also become elevated from their original 
base line; the general level of the tracings becomes raised—indicating 
an increase of the diameter of the cardiac chambers, or in other words 
the occurrence of marked dilatation of the auricle and ventricle. 

It is important to note that before the conjunctival reflex had 
been abolished, a marked effect had been produced in both auricle 
and ventricle. 

This tracing was obtained from à cat which bad been the subject of 
collapse from chloroform (Vide British Medical Journal, Oct. 18, 1890, 
page 892, Case III.). When chloroform was being given—the animal 
breathing spontaneously through a tracheal cannula—collapse occurred 
from failure of the circulation, while the spontaneous respiratory 
movements went on for ten minutes. Artificial respiration was kept up 
in addition, and a sort. of artificial cardiac action was carried on by 
rhythmic compression of the heart. Under the influence of these 
measures the animal recovered, and its condition continued satisfactory 
throughout the remaining part of the experiment. 

As shown by the tracing the heart of this cat was very susceptible 
to the „ 

en this tracing was begun the blood-pressure was 
rising after a preceding administration of the 
conjunctival reflex was well marked. 

Then another dose of ether was given at the point indicated by the 
signal trace. The blood-pressure became lowered and the conjunctival 
reflex was completely abolished. The action of the heart showed no 
great change; the ventricular beat increased somewhat in force 
apparently. Soon after tbe ether was given there occurred a very 
slight and transient rise of the ventricular curve, indicating a very brief, 
slight, and unimportant phase of expansion. 

The contrast between the effects of ether as shown by this tracing 
and those of chloroform as shown by tracing 1 is very marked. 
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Tracing 3. This tracing was made from the same animal and in 
the same way as tracing 1; it further illustrates the readiness with 
which the heart may be depressed by chloroform. The influence of the 
anesthetic upon the cardiac action was rapid and striking. The 
auricle and ventricle were not only weakened, as shown by the dimin- 
ished height of the curves—but also considerably dilated—as shown by 
the extensive rise of both the auricular and the ventricular traces from 
the level at which they started. And this happened when the conjunc- 
tival reflex was still present, and when the fall of blood-pressure was 
slight—a much smaller fall of pressure than commonly accompanies 
antesthesia induced by the inhalation of chloroform in the ordinary way 
—on a cloth held near the mouth and nose. 

(The marked irregularity evident in the auricular trace during the 
maximal influence of the chloroform is probably due in part at least to 
the dilatation of the auricle causing it to become markedly affected by 
the respiratory movement of the lungs.) 

Tracing 4. At the commencement of the tracing the conjunctival 
reflex was distinctly present. The administration of chloroform by 
injecting the drug into the anesthetic bottle was begun at the point 
marked on the signal trace. A gradual fall of blood-pressure resulted, 
and this was accompanied—even before the conjunctival reflex had 
been abolished—by a marked change in both auricle and ventricle. 
The auricle beat less strongly—as indicated by the diminished height 
of its curve, and it became dilated—as shown by the elevation of the 
curve from its original level. 

The ventricular curve shows no marked change in force, but it rises 
markedly from its base line—indicating a decided expansion of the 
ventricular chamber. Later, as the influence of chloroform is passing 
away, the tracing begins to return to its original level, as the ventricular 
dilatation is gradually recovered from. 


Note. Tracings 1 and 3 were made from one animal ; Tracings 2 and 
4 from different animals. The cat from which Tracing 2 was taken had 
collapsed under chloroform at an earlier stage (Vide Brit. Med. Journal, 
Oct. 18, 1890, p. 892. Case II.). 
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THE EFFECTS OF DRUGS AND OTHER AGENCIES 
UPON THE RESPIRATORY MOVEMENTS. Br 
HORATIO C. WOOD, M.D., LL.D. (Yale), assistep BV 
DAVID CERNA, MLD. 


In physiological therapeutics a stimulant is a substance which increases 
functional activity. Accordingly, a vascular stimulant is one which 
increases the arterial pressure; or to speak more minutely, a cardiac or 
an arterial stimulant is one that increases the output of force by the 
heart or by the vaso-motor system. When, however, the function of 
respiration is in question, a stimulant, as the word is practically used by 
most pharmacologists, seems to be simply a substance which increases 
the rapidity of the.respiration, since in almost all recorded experiments 
with drugs of the class, the experimentor has simply noted the rate of 
the respiration. Increased activity of rate does not however necessarily 
imply increased activity of the function. Thus, a rapid pulse may be a 
very feeble pulse, and an arterial sedative may increase the rate of the 
pulse though depressing most thoroughly the functional activity of the 
circulation. In like manner, it is shown by our experiments that very 
rapid breathing may coexist with very little movement of air. It is 
evident that the proper definition of a respiratory stimulant would be, 
that it is a substance which increases the amount of air taken in and 
out of the lungs in a fixed time. 

Such considerations as these have led us to undertake the following 
research, which has for its object the determination of the respiratory 
movement of air as affected by different drugs and different agencies. 
The mode of research is in itself simple enough. It consists essentially 
of connecting the trachea of the animal with a tube which, in turn, is 
connected with two ordinary mercurial valves, the one of which allows 
the air to enter, the other the air to escape; the mercurial valve of 
expiration being, in turn, connected with an india-rubber bag or reser- 
voir from which the air is drawn through by means of a suction-pump. 

The rabbit would be an excellent animal for a research like the 
present, were not a certain amount of muscular force required to force 
the expired and inspired air through the mercurial valve. It is evident 
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that the muscular strength of the animal must be such that the very 
feeble resistance offered by the valves shall not be sufficient to em- 
barrass respiration to the slightest extent. For this reason we have 
employed dogs. There are, however, two practical difficulties in the 
way of the experimentor, which can only be overcome by great care in 
estimating the results obtained by the experiments. The dog having 
practically no sweat gland, cools himself through forced respiration ; 
further, in the dog, panting is the chief expression, not only of mus- 
cular and arterial excitement but also of purely nervous or emotional 
excitement. To illustrate the effect of excitement upon the respiration 
of the dog, we make one or two citations from our records of experi- 
ments. 

Exp. I. A dog weighing 9 kilos, in a state of great emotional excite- 
ment, was found to be moving 0°32 cubic foot of air per minute; twenty 
minutes afterwards, however, when he had become quiet, he only passed 
through his lungs 0°05 foot per minute. In another experiment (Exp. 
II.) a dog weighing about 10 kilos, when quiet passed 0°14 cubic foot 
per minute; fifteen minutes later, when he had been only moderately 
excited, he passed 0°27 cubic foot per minute. 

There is scarcely any stimulant which by a direct action upon the 


respiratory centres is capable of so exciting respiration in the dog as is 


emotion ; so that in order to get the normal standard with which the 
effects of the remedy may be compared, it is essential that the experi- 
mentor wait until the animal has become calm. In order also to make 
even the results thus obtained positive, it seems essential to check them 
by experiments made when the animal is rendered unconscious, and 
therefore incapable of emotional excitement, by chloral or other drugs, 
even though these drugs be distinct respiratory depressants. 

In estimating the effect of a respiratory depressant, such as chloral, 
it is plain that the calming influence of the drug must be allowed for, 
as possibly having immensé influence. In this case, also, the physio- 
logist must check his first results by noting the effects of repetitions of 
the dose of the chloral or other sedative remedy after unconsciousness 
has been reached ; it being plain that in a true respiratory sedative a 
repeated dose should cause repeated fall of respiration, although the 
first dose had produced unconsciousness. 

As the dog protects itself from high external heat through the 
respiration, it is to be expected that heat is in the dog a powerful and 
direct respiratory stimulant. In endeavouring to experimentally test 
the truth of this a priori reasoning, we placed the body of the dog in a 
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double metallic box, so arranged that the animal lay comfortably in his 
trough, not in contact anywhere with the metallic surface, with the 
head out of the box, and the mouth and breathing apparatus connected 
with the air of the room; we then filled the double metallic box with 
hot water. In this way, as much as possible, we avoided producing 
pain or excitement, or interfering with the respiration or the supply of 
fresh air to the animal. As illustrating the effect produced we briefly 
outline two experiments. (Exp. IIL), a dog, weight not noted, with 
a rectal temperature of 39°2 C., breathing at the rate of 20 a minute, 
moving in the same period 0°14 foot per minute, was surrounded with 
water at 73°C. Five minutes afterwards the respiratory rate had risen 
to 42, and the air moved to 0°23 foot per minute; fifteen minutes after 
this, the rectal temperature of the dog was 40°8C., the respiratory 
rate 58, and the air moved 0˙3 foot per minute. The animal having 
been lifted out of the box, in fifteen minutes the rectal temperature 
had fallen to 39°8C., the respiration to 22, the air moved to 0°16 foot. 
The animal was replaced in the box, in 15 minutes the rectal tempera- 
ture had risen to 40°9 C., the respiration to 82, the air moved to 0°42 
foot per minute. Again taken out of the box, in half-an-hour the rectal 
temperature had dropped to 393C., respiratory rate to 18, the air 
moved to 0˙1 foot per minute. 

In a second experiment, the air movement in a very small dog was 
0-06 per minute, the rectal temperature being 39°3 C., and the tempe- 
rature of the air 60 F.; when under the influence of a box tempe- 
rature of 70C., the rectal temperature had been raised to 40°3C., the 
air movement was increased to 0°12. A little later, when the rectal 
temperature was 42°5, the air movement was 0°25. It is worthy of 
being put on record, as one of the phenomena of over-heating or 
thermic fever in the dog, that by-and-by the air movement lessens. 
Thus, five minutes before the animal just spoken of died from the 
over-heating, the air movement was 0°16, thie rectal temperature being 
43 C. 

In a number of experiments, which it is not necessary to further 
detail, we have obtained concordant results, and have proven that in the 
dog heat is a most powerful stimulant to the respiratory centres. Any 
clinician who has noted the effect of fever in increasing the respiratory 
rate in man, must, it seems to us, recognize that as in the dog so also 
in the man is heat a powerful respiratory stimulant; the difference in 


the man and the dog in this respect being in degree rather than 
in kind, 
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Sometime since, Dr Lauder Brunton called attention to the great 
importance of maintaining the bodily temperature in narcotic poisoning, 
and showed that in the dog the fatal effects of otherwise lethal doses of 
narcotics might be set aside by placing the animal in heated chambers. 
Our experiments naturally suggest that as in narcotic poisoning the 
animal usually dies of respiratory paralysis, the antagonistic effect of the 
heat is due to its stimulating respiratory centres. In order to test this 
explanation, we have made two experiments, one with morphine and one 
with chloral, which we append. 


Experiment IV. 
Rect. | Movement . 
Period temp. of air cu. ft. or Remarks 

1 38°5 0°16 42 | Weight 77 kilos. 

2 Given 12 grs. morphine into jugular in 
divided dose. 

3 37°2 0°15 Complete narcotism ; paraplegia. Dog 
now put in hot box, and kept there, 
getting abundant air for respiration. 

4 39°3 0°38 94 | Dog returned to box. 

5 39°5 0°37 100 

EXPERIMENT V, 

1 38 016 21 | Weight 55 kilos. Given 3 grs. chloral. 

2 37°5 013. | 18 Dog given 5 more grs. chloral. 

3 0-12 22 Complete unconsciousness. 3 grs. more 
chloral given. 

4 Dog was now put into hot box. Rectal 
temperature, through a misunder- 
standing, not taken. 

5 0:27 100 | Dog taken out; afterwards replaced. 

6 40 0°67 90 Dog taken out of box and allowed to 

| stay out. 


An examination of the records just given will show the enormous 
effect of heat upon the respiration in narcotism. The first dog was 
completely narcotized (its spinal cord indeed being almost completely 
paralyzed) by 12 grains of morphia. During the narcotism the rectal 
temperature had fallen 103 C. below the norm. When by means of 
external heat the rectal temperature was raised about one degree above 
the norm, the respiratory rate was more than doubled, and the 
movement of air in the chest increased from 0°15 cubic foot per minute, 
to 0°38 cubic foot. 
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In the second experiment, a small dog was completely narcotized 
by 11 grains of chloral, with pronounced fall in the rectal temperature 
and the reduction of air movement per minute from 0°16 cubic foot to 
0°12 cubic foot, but when by means of the hot box the rectal tempera- 
ture of the animal was put up two degrees above the norm, the air 
movement rose to nearly five times the normal amount. 

These experiments demonstrate that the stimulating effect of heat 
upon the respiratory centres is as great in the narcotized as in the 
normal animal. They also explain the way in which heat protracts or 
even saves life during narcotism, and enforce the necessity—by means of 
the hot water bath or bed—of overheating the human body when 
respiratory paralysis from the action of some narcotic agent is 
threatened. 

Before attempting the experimental study of the influence of indivi- 
dual drugs upon the amount of air taken in and expelled from the lungs, 
we made a series of experiments to determine the effect of section of the 
pneumogastric upon the respiratory movement of air. The only experi- 
ments upon this subject with which we are acquainted are those of 
Rosenthal, who states that the amount of air inspired in a given time 
by the rabbit is not affected by section of the pneumogastric, although 
in doves the amount is diminished. Our own experiments upon the 
dog not under the influence of any drug are five in number. 


EXPERIMENT VI. 


Time Cubic feet 

te movement 

0 10 Weight of dog 18 kilos. Dog somewhat 
excited. 

10 40 0°68 Dog quiet. 

15 17 Vagi were now cut. 

24 3°5 | 

40 60 3˙0 

60 80 3˙1 


EXPERIMENT VII. 


0 69 0˙3 Weight of dog 10 kilos. 
10 | Par vagum cut. 
12 43 | 0-47 
25 21 | 0˙3 
35 84 | 0°43 Breathing very irregular. 


of 
* 
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Expertmment VIII. 


Ti Cubic feet 
— Rate of resp. movement of Remarks 
air per min. 
0 36 0˙7 Weight of dog 15 kilos. Dog very quiet. 
5 Par vagum cut. 
17 12 0°35 
30 9 | 0-48 Dog very quiet. 
Experiment IX. 
Oo | 66 0°44 Weight of dog 9-7 kilos. 
10 Par vagum cut. Next period 15 mins, 
after section. 
28 18 0-28 
43 18 0-24 Dog very quiet. 
EXPERIMENT X. 
0 69 | 0°39 Dog not struggling. 
10 | Par vagum cut. 
12 33 to 53 046 Dog struggling part of time. 
20 18 to 24 0-24 Dog quiet. 
30 24 to 108 0°36 Much of the time respiration very short 
and rapid. 


On examination these records will show that in Exp. VI. the section 
of the vagi was followed by a great rise both in the number of respira- 
tions and in the amount of air expired; the last period at which the 
experiment was studied being forty-five minutes after the section of the 
vagus. In Exp. VII., although the respiration fell finally to less than 
one-third of what it had been before section of the vagi, there was no 
sensible reduction in the amount of air expired; indeed, during a 
portion of the time, with lessened respiratory rate, there was pronounced 
increase of air movement. Later in the experiment, nearly half-an-hour 
after section of the vagi, for reasons not very evident, the rate increased 
and the movement of the air was greater than before the section. In 
Exp. VIII. both rate and air movement were distinctly lessened after 
the section of the vagi, the rate falling from one-third to one-fourth of 
what it had been previous to the section, and the air movement being 
but a little over one-half what it had been before section. In Exp. 
IX., again there was a decrease both in rate and in amount of air moved, 
the rate falling to a little over one-quarter, the movement of air to a little 
over one-half of what it had been before the section. In Exp. X., the 
respiratory rate fell directly after the section of the vagi, but the amount 
of air moved increased. Some minutes later, with the respiratory rate 
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about one-third what it was before section, the movement of air was 
reduced about one-third ; after this again the respiration increased in 
frequency to at least the norm, and the inspired air also became 
practically the same as before the section. 

These experiments show that the action of section of the vagi upon 
air movements in the dog varies; that usually, when the rate falls and 
the ordinary slow full breathing of pneumogastrie section is obtained, 
the total amount of air moved is less than the norm; on the other 
hand, in some cases after section of the par vagum, the gain in the 
extent of the respiratory movements more than compensates for the loss 
in rate. 

It is also plain that the influence of section of the vagi upon the 
respiratory movements may be in the dog dominated by general or 
emotional excitement, disturbances of temperature, etc. All our experi- 
ments were made with the dog kept at a uniform temperature, so as to 
put aside this source of error. Every effort was also made to keep the 
dog as quiet as possible, and the following experiment was also 
instituted, in which by the benumbing influences of chloral, disturbing 
influences should be shut out from the respiratory centre. 


EXPERIMENT XI. 


. D Cubic feet 
Time dens | movement of Rate of Remarks 
5% sol. air per min. 
0 | 1-0 129 Weight 20 kilos. 
5 to 20 Wee. | 
22 | 0068 60 Completely chloralized. 
25 Par vagum divided. 
280 | 0˙5 
38 0˙3 586 


In this experiment the usual effect of chloral in reducing the 
respiratory rate and the movement of air was obtained. Under these 
circumstances section of the vagus was followed by an increase of the 
respiratory rate, which increase soon, however, in great part subsided. 
Even during the period of increased rate the movement of air was less 
after than before the cutting of the nerve, and when the rate a little 
later fell to near what it had been before section the movement of air 
became less than half what it had been before section. 

These experiments, when taken together, seem to us to warrant the 
conclusion that in the dog the general tendency is towards a lessened 
movement of air after section of the vagi, but that this tendency is not 
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sufficiently strong to prevent its being set aside by disturbing causes ; 
and that sometimes after section of the pneumogastrics the respiratory 
movement of air is not only not lessened but is increased without our 
being able to assign a reason for the exceptional results. 


RESPIRATORY DEPRESSANTS. 


Chloral. 


The first drug which we studied was chloral. We have already 
given one or two experiments with this drug, and add in tabular form 
five more. 


Before chloral After chloral 
| Chloral 
Cubic ſeet Movement 
of air ra uring ru 
normal anesth. 


XII. 022 | 54 | See 011 | 30 weight 6˙8 kilos. 


— — — 


XIII. 027 56 5 c. e. 024 72 
3 c.. O14 58 


— — — — — — — — — — — — — — — 


XIV. 0.4 74 20 ce. 0°19 54 Weight 1277 kilos, 
5 e. o. 6˙14 34 


Weight 8˙2 kilos. 


— — 


XV. °0:22 64 10 0.0. 0˙1 31 Weight 7 kilos. 


| 
XVI. O13 35 10 % O12 | 32 
| | 10 . 09 30 


A study of the above table will show that in all the experiments the 
reduction in the amount of inspired air produced by complete chloraliza- 
tion is very pronounced. In many cases the decrease of respiratory air 
movement amounts to fifty per cent., and sometimes even to seventy-five 
per cent. The results which we have obtained by the use of chloral 
are concordant, and demonstrate that in the dog chloral is a true 
respiratory depressant, markedly’ reducing the respiratory 
movement of air, 

The action of chloral upon man is evidently similar to that which it 
exerts upon the dog, and the conclusion which has been reached in our 
experiments is applicable to human beings. 
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Morphine. 


The next drug which we studied is morphine. We give in the 
following table six experiments with the drug. * 


2 — — 


injeeted jugu 
5% sol. 


10 c. c. 


Morphine sulph. Movement Resp | 


Experiment XVII. 


lar of air 
cubie ft. 


wen | Remarks 


| 


017 70 | Weight of dog 12 kilos. 
_ Respiration at once arrested. Arti- 


ficial resp. resorted to; after a few 
minutes, natural breathing. 


0-11 25 


EXPERIMENT XVIII. 


008 13 | Weight 15˙5 kilos. 
Breathing stopped entirely. Arti- 
ficial respiration resorted to. 

0-08 12 

0°05 12 

0:05 12 

0-1 12 

0:06 11 

0:10 12 | Respirations very deep. Coma. 
O08 | 12 Reflexes increased. 

EXPERIMENT XIX. 

O11 36 Weight 75 kilos. 
0-04 13 
009 10 
0052 12 
0052 12 Complete anesthesia. 
0-048 14 
0048 14 
0.1 20 Violent jerking or convulsive move- 


| ments. Cheyne-Stokes respiration. 


min 
| 
0 
— 
18 | 0:07 17 
28 
0 
5 5 
15 
22 5 c. c. 
25 
32 5 c. c. 
37 
40 5 
16 
54 5 c. c. 
59 
63 10 ce. 
68 
72 15 e.c. 
75 
0 
5 15 c.c. 
9 
2 1·˙5 ce. 
0 3 c. c. 
25 
32 
10 3 c. c. 
15 
LY Oo 
54 
58 6 c.c. 
63 
68 0-06 


DRUGS AND RESPIRATORY MOVEMENTS. 879 


EXPERIMENT XX. 


| ool. | cubic | 
0 | 0:12 12 Weight 77 kilos. 
5 [2078 cc. Breathing stopped. Artificial resp. 
| for 3 minutes. 
17 0-06 24 
20 0-056 24 
22 1°25 c.e 
28 | 0-07 21 
XXI. 
0 O31 42 Weight 1955 kilos. 
5 027 12 
6 e. e | | 
10 0 10 


In almost all our experiments with morphine we found that the first 
injection of the drug into the jugular vein, even if the quantity 
employed were not very large, produced an immediate arrest of respira- 
tion so severe and so permanent, that in order to save the animal 
artificial respiration had to be resorted to. After this first injection 
enormous amounts of the alkaloid were tolerated with comparatively 
light effect. Immediately after recovery from the first injection, the 
respiratory movement of the air was usually greatly reduced, but if the 
experiment were continued respiration often recovered itself, and 
though enormous amounts of the drug bad been employed and coma 
produced, the air movement often finally became almost or altogether 
equal to the norm. Thus in Exp. XVIII., a dog weighing 153 kilos 
took 50 c.c. of a 5% solution of morphine, which is equal to 23 grammes 
or about 37 grains of the alkaloid; yet at the end of the experiment the 
air movement as well as the rate of respiration were practically what 
they had been in the beginning. In Exp. XIX., a dog weighing 7°5 
kilos took 18 c.c. without distinct change in the air movement. 

In all these experiments in which, after a very large dose of 
morphine, the increase took place in the respiratory movements, the 
reflexes were markedly increased, and often violent convulsive move- 
ments present. As it is well known, morphine has in the lower animals 
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a marked stimulating influence upon the spinal cord; and as in our 
experiments, the increase of the respiratory movement of air late in 
the morphine poisoning was always associated with distinct evidences 
of spinal excitement, it is probable that the increased respiration was 
dependent upon or connected with this spinal excitement. 

The detailed explanation of the action of morphine upon the respira- 
tory function in the dog still remaining uncertain, it is very difficult, if 
not impossible, to apply the results which have been obtained with dogs 
to the study of the action of the drug upon the respiratory function in 
man. 


RESPIRATORY STIMULANTS. 


The drugs which are commonly reputed to be respiratory stimulants, 
whose action upon the movement of air we have studied, are atropine, 
strychnine, and cocaine. 

In our experiments with these alkaloids, we have been careful to see 
that the temperature of the animal and its surroundings was kept 
uniform; and in order to avoid any fallacy which might arise from the 
emotional or other excitement produced by the drug, increasing the 
respiratory movement, we have made with each drug three sets of 
experiments; first, upon the normal animal: second, upon the animal 
partially narcotized with morphine: third, upon the animal completely 
chloralized. 

As has already been shown, the action of morphine upon the 
respiratory function of the dog is so peculiar that at present much 
importance cannot be attached to experiments made with a supposed 
respiratory stimulant on a dog narcotized with an opiate. On the other 
hand, the chloralized dog is not only entirely freed from the disturbing 
influence of emotion, but is also under the influence of a consistent and 
persistent respiratory depressant ; and any drug which is a true respira- 
tory stimulant ought to demonstrate its activity upon the chloralized 
animal, 


Atro pine. 


We have made four experiments upon the normal dog with the 
sulphate of atropine, using always the one and a half per cent. solution 
injected into the jugular vein. These experiments are as follows: 


4 
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Expertmment XXII. 
Atropine Movement 
— 1-2", of air — Remarks 
? solution cubie ft. 
0 0-09 19 Dog extremely fat and sluggish ; 
weight 32 kilos. 

5 0-1 12 

10 5 C. . 

18 0-31 13 Five mins. after injection dog breath- 

ing convulsively; otherwise quiet. 

25 Dog very quiet. 
37 e. e 
13 0˙4 104 zrenthing irregular in rate. 

53 0˙22 34 

55 
61 O36 72 

73 0•16 24 

75 10 ce. 

83 O-18 18 Dog, when let out, able to walk stag- 


geringly. 


EXPERIMENT XXIII. 


0 0-22 136 Dog, weight 26 kilos. 
10 ee. 
12 5 
18 O-48 110 
30 2 
31 10 c.. 
13 0˙22 18 
50 0˙22 7 
52 10 e.e. 
55 6¹˙ 16 Dog died directly after last observa- 
tion. 


EXPERIMENT XXIV. 


Dog, weight 10 kilos. ~ 


5 LO ee. 
12 27 

15 LO ee. 

20 O14 33 
35 0-09 21 
37 10 ce. 
12 20 
| 52 24 
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EXPERIMENT XXV. 


Atropine Movement es p. 


Time 20 no 
0 0˙25 81 Weight 10˙2 kilos, 

5 c. e 
11 0-32 154 
16 150 
23 | 162 
25 C.€ 
29 0°40 180 
35 | 0°36 180 
38 10 c. 
44 0-34 180 
19 
52 10 ex 
58 0-34 156 
63 0°37 
65 10 ce 
70 0°33 140 
72 10 c. 
76 0˙26 78 
82 0-34 180 Dog had long been perfectly quiet aud 
paralyzed. 
88 20 c. c. | | 
93 009 | 88 Dog killed. 


The first effect of the atropine is to enormously excite the respiratory 
function; this primary excitement is soon followed, unless the dose of 
atropine have been very great, by a distinct fall in the air movement, 
which fall, however, is not sufficient to overcome the first rise, so that the 
air movements remain for a long time distinctly above the norm. 
Thus, in Exp. XXII., 5 cc. increased in eight minutes the air move- 
ment from 0˙1 to 0°31, but seven minutes later the movement was 0°17, 
which figure was increased by a second injection of 5 c.. to 0°4, followed 
in ten minutes by a fall to 0°22. In this experiment the dog was a very 
large one, weighing 32 kilos, and although altogether 25 ce. of the 
atropine solution were given, the air movement at the end was nearly 
double what it was in the beginning. 

An examination of Exp. XXIV. will show that the results were 
completely parallel to those just discussed. In Exp. XXV., the final 
result of repeated injections amounting in all to 70 ce. was to reduce 
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the air movements much below the norm. In Exp. XXIII. the dog 
was watched until just before death from the atropine, and in this case 
also, after a period of great increase in the air movement, a gradual 
reduction took place: nevertheless, it is somewhat remarkable that the 
movements of the air continued so large almost up to death; the amount 
being 0°1 per minute just before the animal ceased to live. 

In regard to the amount of increase attained by atropine, in the 
first experiment the increase was 300°/,; in the second, 100°/,; in the 
third, 100°/,; and in the fourth not quite 100 %, 

The experiments which we have made with Morphine and Atropine 
are as follows: 


ExPpERIUENT XXVI. 


Movement | 


Time Atropine Resp. 
9 | of air 
| solution — ft. | rate | 
0 0-1 25 Animal under influence of 10 c.. of 
| 1°/, solution of morphine. Weight 
12 kilos. 
5 5 ee 
10 0-1 25 
12 5 ee 
18 0-06 20 
20 | 
27 0-06 15 
ExpertmMent XXVII. 
0 0-072 24 Air movement been reduced by 5 c.c. 
of 5% sol. of morphine from 0-12. 
Weight 7 kilos. 
5 lec | | 
10 Profound anesthesia. 
13 l ce | 
16 0-056 24 
21 2 c. e 
25 0-068 24 
29 0-078 18 
35 2 c. e 
10 0-058 18 
44 c. e 


50 0008 30 Killed. 


| 
— 
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Experiment XXVIII. 


Movement 
Time ir — Remarks 
min, | es ft. | ate 
0 — «0065 Dog normal. Weight 10 kilos. 
30 c.. e. 
atropine 
1 0 
20 0-12 22 
24 | | 
morphine 
1 L 0 | 
32 0032 14 


In looking over these experiments it will be noted that in Exp. 
XXVII. and XXVII. the atropine failed entirely to increase the respira- 
tory movements of air in the dog under the influence of opium; indeed 
there seemed to be a distinct decrease in the air movement after the 
exhibition of the atropine. In Exp. XXVIII. a dog 10 kilos in weight, 
whose air movements had been nearly doubled by the exhibition of 30 c.c. 
of a one per cent. solution of atropine, was given 5 c.. of the one per 
cent. solution of morphine, the result being a fall of nearly seventy-five 
per cent. in the air movements. 

The results of these experiments are rather surprising, and are 
difficult of explanation. It is possible, however, that the doses of 
morphia were too large for their influence to be overcome by atropine. 
At any rate, before any positive conclusions can be fairly drawn, further 
experimentation seems essential. 

The experiments with chloral and atropine are as follows: 


* 
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Expertment XXIX. 


5 5 sol. | 
Time | chloral, | Movement Resp. 8 
min. 1% sol. of air rate 
atropine cubic ft. | 
0 30 e. e. 0-15 Weight 8-9 kilos. 
chloral 
20 0-08 30 
25 5 c. o. 
atropine 
28 0˙2 Cheyne- Stokes breathing, with violent 
rupid breathing in paroxysms, then 
| quiet slow breathing. 
33 2 | 
36 3 c. o. | 
atropine 
42 O18 Breathing as before. 
45 15 e. e. | | 
chloral | 
48 0-1 Some evidence still of Cheyne-Stokes, 
but paroxysms very slight. 
55 10 c. e. 
chloral 
66 0-096 


ExpPERIMENT XXX. 


0 | | 0-12 22 Dog, weight 18°3 kilos: had taken 
| before record 13c.c. chloral solution. 
5 | 10cec. | 
atropine 
10 | 0°22 32 
15 0-19 
20 | Sec, | 
atropine | 
23 0-36 92 
28 | | 
atropine | 
32 034 | 88 
36 5 c. e. | 
atropine | | 
40 024 | 44 | 


In these experiments the results are concordant. We were able in 
chloralized dogs, by the use of atropine, to increase the air movement 
250 per cent. In Exp. XXIX. it was found possible, by a re-injection 
of chloral, to reduce for a second time the air movement; the antago- 
nism between the respiratory actions of the chloral and atropine being 
very plain. 
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These experiments show that both in the normal and in the 
chloralized dog, the salts of atropine greatly increase the respiratory 
movement of air, and lead to the conclusion that atropine is a direct 
and powerful stimulant to the respiratory function. 

The experiments which we have made with strychnine upon the 
normal animal are as follows: 


Expertmment XXXI. 


Time | Strychnine 
min. grammes 


Air 
movement Reap. Remarks 
cubic ft. rate 


3 0-0002 
12 0-0004 


42 0:0004 


0 
10 0-0005 


5-15 0-0007 


2 0-0005 


26 0-0005 


46 0-0005 


0-05 95 | Weight 9 kilos. 


0-11 74 Dog quiet, but has spasms when touched. 
0-06 


0-06 30 | Pronounced spasms. 
0-11 33 Dog very quiet. 


Experiment XXXII. 
0-14 54 Weight 9-9 kilos. 


0-31 Died three minutes later. 


ExrERIVENVT XXXIII. 


0-1 Weight 9-9 kilos. 
0°46 Dog quiet. 
0-21 


Expertment XXXIV. 
0-09 30 | Weight 8 kilos. 


0-1 25 
0-09 24 


0-14 28 | Reflexes abnormally active. 
0-12 24 


0-154 | 27 | Slight spasms. 
0-36 94 | Dog quiet. 
0-262 | 88 


| 
| | 

19 | 

27 

| | 

50 | 

— 
| 20 
| 
0 
| 25 
33 
0 

14 | 
23 | 
33 | 
| 42 | 
— 
51 | 
60 | 
70 | 
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Experiment XXXV. 


Air 


Time | Strychnine | movement Resp. Remarks 
min. grammes cubic ft. rate 
0 0˙5 Weight 9 kilos. 
5 0-0002 
9 0°6 
10 0-0004 
15 0°85 Distinct reflex tremors. 
ExpermmMent XXXVI. 
0 0°14 Weight 10 kilos. 
5 0-007 
10 0°27 
15 0°31 Dog died shortly after last, in spasms. 
Experiment XX XVII. 
0 0°16 Weight 10 kilos. 
5 0-00045 
15 0°19 
18 0-0007 
25 0°36 
Experiment XXX VIII. 
0 0°12 Weight 8 kilos. 
3 0-00075 
7 0°13 
10 0:00076 
15 0-26 


An examination of the table given above will show that the results 
are concordant, and that the injection of strychnine produces an extra- 
ordinary increase in the respiratory air movement; the increase in 
Exp. XXXI. amounting to over 100 per cent.: in Exp. XXXII. to over 
100 per cent.: in Exp. XX XIII. to over 250 per cent.: in Exp. XXXIV. 
to 300 per cent.: in Exp. XXXV. to 75 per cent.: and in Exps. XXXVI, 
XXXVIL, and XXXVIII., to considerably over 100 per cent. 

With Morphine and Strychnine we have performed a single ex- 
periment, Exp. XXXIX (see over). 

The record in this will show that under the. influence of the 
strychnine there was an increase in the air respiratory movement of 
60°/,, which increase was afterwards almost completely overcome by a 
re-injection of the solution of morphine. 
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Expertment XXXIX. 
Time | morphine, |Movement| Resp 
14, sot, | Of sir | ‘rete Remarks 
0 0-1 15 | Weight 19-5 kilos. Reduced by 5 c. c. 
5% solution of morphine from 0°27. 
5 0:75 c. o. 
strychnine 
15 0-16 15 | Convulsive startings. 
18 0-15 24 
25 8 o. e. 
morphine 
30 0˙16 Convulsive twitchings still. 
40 3 
morphine 
43 0°15 12 | Convulsive movements still. 
50 5 c. o. 
morphine 
55 | 0˙11 15 
The experiments upon chloralized animals are as follows: 
EXPERIMENT XL. 
Chloral. 
min, stry cubic ft. rate 
0 0:22 54 | Weight 6°8 kilos. 
0-20 15 c. o. 
chloral 
25 0-122 30 | Animal chloralized. 
28 0:0003 
strychnine 
35 0°138 45 
48 0-174 48 
51 5 c. o. 
chloral 
60 0˙108 36 
63 0˙0003 
strychnine 
72 0˙146 46 
82 0°15 57 
84 00002 Immediately slight spasms. 
strychnine 
94 0˙184 48 
101 0-144 Slight spasms. 
103 0˙0002 Immediately death in spasms, 
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Expermment XLI. 


Time 5 sol. Movement Resp. 
min. | strychnine. 1 Remarks 
grammes 
0 0°27 56 | Weight 8-2 kilos. 
0-17 20 c. o. 
chloral 
35 0°142 60 
36 00008 
strychnine 
45 0-228 79 
47 00005 
strychnine 
54 0˙26 87 
55 0-292 72 
57 00005 
strychnine 
65 0-261 72 | Dog killed. 
Experment XLII. 
0 0°39 74 | Weight 12-7 kilos. 
0-20 25 o. o. 
chloral 
35 0-14 34 
36 00005 Complete anzsthesia. 
strychnine 
43 0˙536 82 | Dog quiet. 
44 10 o. 
chloral 
52 0•˙154 35 
55 0:0005 
strychuine 
61 0-236 62 
62 00005 
strychnine 
65 0-34 78 | Eye reflexes return. 
68 15 ac. 
chloral 
74 0126 36 | Reflexes gone. 


8389 
Experiment XLIII. 
0 0˙276 60 | Weight 75 kilos. | 
0-60 40 0. o. 
75 0-114 32 j 
85 0-138 
86 0-001 
strychnine | 
96 0°13 34 
98 0-001 } 
strychnine 
108 0˙26 38 3 
116 | 0°26 51 
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The results in the above experiments are concordant. In Exp. XL., 
the respiratory air movement, which had fallen to forty per cent. under 
chloral, was restored nearly to the norm. In Exp. XLI., after a 
similar fall under chloral, the respiratory air movement was increased 
distinctly beyond the norm. In Exp. XLII., before the chloral the air 
movement was 0°39, after the chloral it was 0°14, and was increased by 
the strychnine to 0536. In Exp. XLIIL, before the chloral the air 
movement was 0276, after the chloral it fell to 0°114, but was practically 
restored to the norm by the strychnine. 

The experiments which we have made with strychnine upon normal 
and narcotized animals, are all in accord in showing that the alkaloid 
powerfully influences the respiratory movement of air, and that it is 
therefore a true respiratory stimulant. 


Cocaine. 


The experiments made with cocaine upon the normal anignal are as 
follows : 
Experiment XLIV. 


Movement 
Time | 1% sol. | | Besp. 
min, cocaine cubic ft. rate Bemerks 

0 0˙254 20 | Weight 11-3 kilos. 
5 3 c. o. 

15 0˙48 24 

19 5 ce. : 

25 0-402 24 

35 054 110 

40 0-66 125 | Animal restless; very excited. 

Killed. 
EXPERIMENT XLV 

0 0-186 22 | Weight 10°5 kilos. 
5 5 c. c. 

12 0-28 28 

15 5 c. o. 

30 0-42 40 

40 0°65 90 

52 0 64 112 | 

67 0-714 140 Killed, 
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Exrerment XLVI. 


Movement 
Time 1% l | Resp. 
min. cocaine cubic ft. rate 
0 0-072 18 | Weight 5-2 kilos. Very quiet. 
2 3 c. o. 
10 0˙108 21 
12 3 c. c. 
16 0-11 19 
19 5 C. o. Violent tetanoid convulsions. 
23 0-098 20 - 
28 0-072 15 | Very quiet. 
30 3 c. o. 
34 0-062 21 | Very quiet. 
36 4 c. c. 
40 0˙25 36 | Violent convulsions. 
43 3 c. o. Died directly after last dose. 


The above experiments are all concordant in showing that cocaine 
in the normal animal enormously increases the amount of air movement; 
the increase being usually greatest when the tetanoid convulsive move- 
ments produced by toxic doses of cocaine are marked. Under these 


circumstances the increase may amount to two to three hundred per 
cent. 
The only experiments which we have made with cocaine upon the | 
narcotized animal are as follows: 
Expertmuent XLVII. 
5%, sol. 
Time chi ral Movement 
min 1 % sol. of air — Remarks 
cocaine cubic ft j 
2 
0—30 45 c. c. Weight 11˙3 kilos. 
chloral 
35 0-272 | 120 | Corneal reflex very slight. 
40 8 c. o. 
cocaine 
45 0•164 42 
50 10 e. e 
cocaine 
55 0-184 60 
58 5 c. o. 
cocaine 
63 0-22 
67 5 c. e. 
cocaine 
0-17 48 | 
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Expertment XLVIII. 


5 % sol. Movement 
Time Resp. 
of air. Remarks 
0-20 20 c. o. Weight about 10 kilos. 
chloral 
24 0-14 23 
25 6 c.c. coc. 
31 0-14 ° 26 
34 0-2 33 | Very restless. 
41 0°22 24 
50 0°16 22 
52 4 c. c. coc. 
57 0-22 33 
62 0-22 30 
65 4 c.c. coc. Violent tetanoid convulsions at once. 
72 0-26 36 


An examination of the above records will show that Exp. XLVIII. 
in which the animal had received nearly 20 c.c. of the 5°/, solution of 
chloral per kilo, the cocaine very distinctly affected the respiratory air 
movement, in fact nearly doubling it; whilst in Exp. XLVII., in which 
the animal received 45 c.c. per kilo, cocaine was powerless to increase 
the air movement, which steadily and persistently fell under the 
continuing influence of the chloral. 

The conclusions which are deducible from the experiments which we 
have made with cocaine, are: that it acts as a powerful respiratory 
stimulant, whose influence, however, fails in the presence of an 
overwhelming dose of a respiratory depressant. 

Comparative Value of the Respiratory Stimulants. 

The experiments which we have made prove that the three alkaloids, 
atropine, strychnine, and cocaine, are all respiratory stimulants, increas- 
ing the amount of air taken in and out of the lungs; exerting action, 
apparently, by a direct influence upon the nerve-centres which preside 
over the respiratory movements. The question which of these alkaloids 
is the most powerful and reliable in practical medicine, can scarcely be 
answered positively by means of experimentation upon the lower animals. 
It has, however, seemed worth while to make a comparative study, as 
throwing some light upon the practical value of the remedies. 

In the first series of experiments we took three dogs, as nearly alike 
in weight and other characteristics as possible, and injected into the 
jugular vein of each of them 2 C. c. per kilo, of the 5% solution of chloral, 
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and then tested the effect of cocaine, atropine, and strychnine, upon the 
respiratory air movements. In the second series of experiments 3 c.c. 
of the chloral solution per kilo of weight were administered. 


Experiments upon dogs which had received 2 c.c. per kilo of 
a 5°/, solution of Chloral. 
Expertment XLIX. 


Movement 
Time of air. Resp. Remarks 
min. * cubic ft. rate 
0 0-07 28 | Weight 6-1 kilos. Reflexes gone. 
5 3 c. o. Immediate violent tetanoid con- 
4% sol. vulsions ; finally cramps, asphyxia ; 
cocaine artificial resp. kept up a minute, 
restored to life. - 
12 0-14 46 | Still convulsions. 
17 0-12 33 [ Still convulsions. 
27 0-08 24 
28 2 ac. 
1% sol. 
atropine 
33 — 0-09 26 
36 2 c. o. 
1% sol. 
atropi 
40 0-13 30 
43 2 ac. 
1°/, sol. 
atropine 
47 0°12 37 
50 2 ce. 
1% sol. 
atropine 


Experiment II. 
0 0˙16 90 | Weight 5-9 kilos. Very quiet. 


3 Reflexes very weak. 
3 
1% sol. 
atropine |. 
3 7 0°15 54 
18. |= ‘eae 
B 1 7 0 sol. 
atropine 
17 0-14 
, 22 0-14 45 
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Experiment LI. 
Movement 
Time 
0 0-066 24 | Weight 5°8 kilos. 
7 0°12 c.c. 
1% sol. 
strychnine 
12 0-092 18 
22 0098 24 | Dog killed. 
a 5% solution of Chloral. 
Experiment LII. 
. Movement 
Time 
min. — Remarks 

0 0°37 140 | Weight 18 kilos. 

5 3 c. o. Dog ceased breathing directly after 
1°/, sol. injection. Artificial respiration 
cocaine uired to bring him to. 

10 0-24 28 22 
93 0°29 28 

27 2 c. c. 

1% sol. 
30 Dog 
0°39 44 struggling. 
35 0°52 48 ggling 
42 0°53 104 
Experment LIII. 
0 0°25 50 | Weight 22 kilos. 


| 894 

ig 

| 
ij 
4 5 c. o. 

17% sol. 
| atropine 
ig 15 0°39 102 
20 5 C. o. 
ig 1°/, sol. 
atropine 
13 26 0°45 70 
7 35 0°52 96 

41 10 c. o. 
1% sol. 

atropine 
49 0°43 114 
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Experiment LIV. 
Time Drug Resp. Remarks 
min. cubic ft. rate 
0 0-25 | 128 | Weight 15°8 kilos. 
5 0°1 e. e. 
1% sol. 
e 
10 0°31 160 
17 0°39 180 
20 0°4 e. o. 
1% sol. 
strychnine 
26 0°33 196 
30 0°2 e. o. 
1% sol. 
strychnine 
35 0˙34 168 | Tetanic spasms. 
45 Dog died of strychnine poisoning. 


An examination of the results which we have tabulated will show 
that the cocaine doubled the air movement after the 2 c.c. of chloral per 
kilo, and increased the air movement nearly fifty per cent. after the 3 c.c. 


The atropine did not increase the air movement after the 2 cc. of chloral — 


materially, but more than doubled the air movement after the 3 C. c.; 
whilst the strychnine increased the air movement to fifty per cent. after 
the 2 c.c., and also after the 3 c.c. of chloral solution. 

In endeavouring to formulate from these six experiments a conclusion 
as to the comparative value of the three respiratory stimulants, an almost 
insuperable difficulty appears in the lack of uniformity of result. We 
can assign no reason why the atropine failed in the one case and acted 
so extraordinarily in the other. This irregularity or inequality of action, 
however, is paralleled in the experiments with atropine which we 
recorded earlier in this paper; since the atropine failed to increase the 
respiratory air movement in every experiment which we made upon the 
dog narcotized with morphia. 

The influence of the cocaine as a respiratory stimulant has through- 
out our research been found very pronounced, and in these recent 
experiments its influence was even more marked than that of strychnine. 
Cocaine, however, in Exp. XLVII. did not increase in the chloralized dog 
the movement of air. On the other hand, in no experiment with 
strychnine have we failed to obtain a result, and we think, therefore, whilst, 
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at times and perhaps usually, the influence upon the respiratory air 
movement of atropine and of cocaine is greater than that of strychnine, 
yet strychnine is more positive and certain in asserting its influence in 
the face of powerful respiratory depressant drugs than are the other 
alkaloids. 

Although the conclusions which we have reached have been based 
solely upon the results of experiments made upon dogs, we think they 
are in accord with results obtained by clinicians in the treatment of 
disease, and that they apply to the man as well as to the dog. The 
difficulty with the use of massive doses of cocaine and strychnine in 
practical medicine is the danger that attends their action on other 
portions of the nervous centres than the respiratory tract, and atropine, 
though probably not the most certain and powerful, seems the 
safest drug of the three, when it has been determined to get to the 
fullest possible influence of the agent used. We would call attention, 
however, to the fact that in Exp. XLIX., after cocaine had been given 
to the point of producing convulsions, and the first excitement of the 
respiratory movement had somewhat subsided, atropine exerted a pro- 
nounced influence in increasing respiration; and we believe that the 
best results can be obtained in practical medicine, by the simultaneous 
use of two or more of the respiratory stimulants. Cocaine and 
strychnine have so much similarity of action upon the nerve-centres 
that the use of one will probably increase any danger that may have been 
incurred by the administration of large doses of the other. The relations 


of atropine to cocaine and strychnine, however, are different, and it 


would seem that by the consentaneous use of atropine and strychnine, 
or of atropine and cocaine, may be obtained the advantages of what has 
been denominated by Dr H. C. Wood in his Treatise on Therapeutics, 
as “crossed action;” the two drugs touching and reinforcing one 


another in their influence upon the respiratory functions, and spreading 


wide apart from each other in their unwished for and deleterious 
actions, | 


University or 
June 20, 1892. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1891. No. VI. 


St Mary’s Hosprral, Lonpon. November 14th. 


A. D. WALLER :— 
i. A peculiar Fatique-effect on Human Muscle (with demonstration). 


In the course of observations on the fatigue of human muscle I was 
led to take simultaneous records of the shortening and thickening which 
take place during contraction. The shortening or longitudinal effect is 
recorded isometrically by a dynamograph, consisting of a stiff steel 
spring, which is only very slightly deflected by muscular force, so that 
the contracting muscle does not actually alter in length to any appreci- 
able extent, but manifests in its simplest and most uncomplicated form 
the alterations of longitudinal tension which it undergoes; the very 
small deflection of the spring is magnified by a long light lever; in 
short, the method is that described by Fick as “isometric,” and I think 
it will be found that the dynamograph by which this is effected is more 
convenient and trustworthy than the instruments involving air-trans- 
mission which have hitherto been employed as dynamographs. 

The thickening or lateral effect is recorded by air-transmission 
apparatus consisting of a thick elastic bag strapped to the limb and 
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connected with a Marey tambour, the lever of which writes vertically 
below that of the dynamograph. 

If a simultaneous record of the longitudinal and lateral effects, taken 
from the muscles of the forearm, be examined by means of “ correspond- 
ing lines,” it will be found that whereas they are practically coincident as 
regards the commencement of effects, their terminations are not simul- 
taneous in the state of fatigue, the longitudinal effect commences to cease 
before the lateral effect; the asynchronism is perceptible to the eye, 
and when measured out on the record is found to amount to about jth 
second. 

The first thought that occurs to’one as regards a comprehension of 
this peculiar rigor effect, is that it is a physiological instance of 
“contracture” or contraction-remainder, occurring in consequence of 
muscular fatigue. The conditions of observation are however such that 
comparison is not made between the longitudinal and lateral effects of 
identical muscles, i.e. the longitudinal effect is of the flexors, the lateral 
effect is of flexors cwm extensors, and it is a possibility that the apparent 
rigor effect may be attributable to the extensors. Whether this is so or 
not I cannot say ; the phenomenon whatever its true nature may be, is in 
any case characteristic of voluntary fatigue. That this is so is shewn 


by a further experiment, ic. by establishing a similar comparison 


between the longitudinal and lateral effects with direct muscular 
faradisation before and after voluntary fatigue. The~prolongation of 
the lateral effect produced in voluntary tetanus after voluntary fatigue 
is not produced in faradic tetanus after voluntary fatigue; this proves 
that the prolongation is of central origin and not a pure peripheral 
phenomenon ; if the somewhat ambiguous term “contracture” be ap- 
plicable to the phenomenon, the word must be used in its neurological 
sense as applied to a rigidity evoked by central action, rather than in 
its physiological sense to denote the contraction-remainder consequent 
upon direct muscular tetanus. 


ii. The Muscular Sound during Galvanotonic Contraction (with 


demonstration). 


During the application of a sufficiently strong galvanic current 
applied to human muscle or nerve, muscular tetanus is produced—as is 
well-known. The stimulus in this case is a continuous one, and we 
might or might not expect to hear a muscular bruit during the 
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contraction. If e. g. the flexors in the forearm be auscultated during 
the “ galvanotonus” a low-pitched sound is audible, which on comparison 
with the sound heard during voluntary tetanus is identical with it in 
pitch and (with 30 to 40 Leclanché cells) not quite so loud. The 
voluntary contraction feels smooth, in marked contrast with the galva- 
notonic contraction, which is attended with a thrill so distinct that it is 
somewhat surprising to hear a more distinct tone from the former than 
from the latter. The only previous observation with which I am 
acquainted of a tone during contraction by a continuous excitation, is 
that of Bernstein“, who found that the muscle sound during the 
chemical excitation of its nerve was undistinguishable in tone from that 
produced with natural tetanus. 

I think that the above observation (which is most easily repeated) 
as well as the observation of Bernstein, point towards the same 
conclusion as that which Wedenskii“ has recently inferred from other 
data, viz. that the rhythmic oscillations causing the muscle sound are 
not of central origin but produced peripherally in the muscle itself. 


F. GorcH :— 

The Relation of Nerve Excitability to Temperature. 

F. Gorcon communicated to the Society the results of further 
experiments as to the relation of nerve excitability to pra, irae 
these results may be summarised as follows: 

(1) The excitability of a motor nerve, as tested by the l of 
stimulus adequate to evoke a minimal muscular response, is increased in 
the case of the sciatic nerve of a warm-blooded animal (rabbit) when 
the temperature of the portion of nerve excited is lowered from 30 to 
15°C.; provided that the form of stimulus employed is a galvanic 
current closed for several hundredths of a second. If the stimulus used 
be either a galvanic current of less than re duration or an induced 
current then the muscular response is evoked more readily at 30 than 
at 15°. The above facts are an extension to the warm-blooded animal 
of the relationship previously demonstrated to the Society (Oxford 
meeting July 1891) as existing in the case of the frog. 

(2) The apparent increase in excitability when the nerve is warmed 
and stimulation is effected by the induced current is in reality due 


Bernstein. Muscle-tone with chemical excitation.” Pfliger’s Archiv, 1875, xt. 
p. 191. 

* Wedenskii. ‘ Telephonic investigation of muscle.” Du Bois-Reymond’s Archiv, 
1883, p. 313; Arch. de Physiologie, 1891, p. 58. 
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connected with a Marey tambour, the lever of which writes vertically 
below that of the dynamograph. 

If a simultaneous record of the longitudinal and lateral effects, taken 
from the muscles of the forearm, be examined by means of “ correspond- 
ing lines,” it will be found that whereas they are practically coincident as 
regards the commencement of effects, their terminations are not simul- 
taneous in the state of fatigue, the longitudinal effect commences to cease 
before the lateral effect; the asynchronism is perceptible to the eye, 
and when measured out on the record is found to amount to about path 
second. 

The first thought that occurs to one as regards a comprehension of 


this peculiar rigor effect, is that it is a physiological instance of 


“contracture” or contraction-remainder, occurring in consequence of 
muscular fatigue. The conditions of observation are however such that 
comparison is not made between the longitudinal and lateral effects of 
identical muscles, i.e. the longitudinal effect is of the flexors, the lateral 
effect is of flexors cwm extensors, and it is a possibility that the apparent 
rigor effect may be attributable to the extensors. Whether this is so or 
not I cannot say ; the phenomenon whatever its true nature may be, is in 
any case characteristic of voluntary fatigue. That this is so is shewn 


by a further experiment, i.e. by establishing a similar comparison 


between the longitudinal and lateral effects with direct muscular 
faradisation before and after voluntary fatigue. The~prolongation of 
the lateral effect produced in voluntary tetanus after voluntary fatigue 
is not produced in faradic tetanus after voluntary fatigue; this proves 
that the prolongation is of central origin and not a pure peripheral 
phenomenon; if the somewhat ambiguous term “contracture” be ap- 
plicable to the phenomenon, the word must be used in its neurological 
sense as applied to a rigidity evoked by central action, rather than in 
its physiological sense to denote the contraction-remainder consequent 
upon direct muscular tetanus. 


ii, The Muscular Sound during Galvanotonic Contraction (with 
demonstration). 


During the application of a sufficiently strong galvanic current 
applied to human muscle or nerve, muscular tetanus is produced—as is 
well-known. The stimulus in this case is a continuous one, and we 
might or might not expect to hear a muscular bruit during the 
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contraction. If e.g. the flexors in the forearm be auscultated during 
the “ galvanotonus” a low-pitched sound is audible, which on comparison 
with the sound heard during voluntary tetanus is identical with it in 
pitch and (with 30 to 40 Leclanché cells) not quite so loud. The 
voluntary contraction feels smooth, in marked contrast with the galva- 
notonic contraction, which is attended with a thrill so distinct that it is 
somewhat surprising to hear a more distinct tone from the former than 
from the latter. The only previous observation with which I am 
acquainted of a tone during contraction by a continuous excitation, is 
that of Bernstein“, who found that the muscle sound during the 
chemical excitation of its nerve was undistinguishable in tone from that 
produced with natural tetanus. 

I think that the above observation (which is most easily repeated) 
as well as the observation of Bernstein, point towards the same 
conclusion as that which Wedenskii“ has recently inferred from other 
data, viz. that the rhythmic oscillations causing the muscle sound are 
not of central origin but produced peripherally in the muscle itself. 


F. Goren: 
The Relation of Nerve Eacitability to Temperature. 


F. GotcH communicated to the Society the results of further 
experiments as to the relation of nerve excitability to temperature 
—these results may be summarised as follows: 

(1) The excitability of a motor nerve, as tested by the strength of 
stimulus adequate to evoke a minimal muscular response, is increased in 
the case of the sciatic nerve of a warm-blooded animal (rabbit) when 
the temperature of the portion of nerve excited is lowered from 30 to 
15°C.; provided that the form of stimulus employed is a galvanic 
current closed for several hundredths of a second. If the stimulus used 
be either a galvanic current of less than he duration or an induced 
current then the muscular response is evoked more readily at 30 than 
at 15°. The above facts are an extension to the warm-blooded animal 
of the relationship previously demonstrated to the Society (Oxford 
meeting July 1891) as existing in the case of the frog. 

(2) The apparent increase in excitability when the nerve is warmed 
and stimulation is effected by the induced current is in reality due 


1 Bernstein. Muscle-tone with chemical excitation.” Pfliiger’s Archiv, 1875, xx. 
p. 191. 

* Wedenskii. ‘Telephonic investigation of muscle.” Du Bois-Reymond’s Archiv, 
1883, p. 318; Arch. de Physiologie, 1891, p. 58. 
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to the increased intensity of such a current caused by a diminution 
in the resistance offered by the warmed nerve. This is shown by 
experiments in which the stimulating induced current traverses by 
means of non-polarisable electrodes the nerves of two muscle-nerve 


D 2 


preparations, A and B. Both nerves being at 15˙ C., strength of current 
is used which is just inadequate to evoke a response in A. The nerve 
of B is now warmed to 25°C. when the stimulus becomes adequate for 
A although the temperature of the latter remains unaltered. The 
same result is obtained when the stimulus used is the galvanic current. 

(3) It thus appears; (a) that the influence of raising the tempera- 
ture is to lower the resistance in accordance with the physical behaviour 
of all electrolytes, and that the resulting apparent increase in excita- 
bility on warming is merely the index of an accession to the intensity of 
the stimulating current; (b) that the effect of localised lowering of the 
temperature of a nerve is to raise in both frog and rabbit the 
excitability of the nerve, and this to such a degree as to more than 
counterbalance (when the galvanic current of several hundredths of 
a second is employed as stimulus) the decrease which must, owing to 
rise in electrical resistance, be produced in the intensity of the current 
used. 

Many of the above experiments were carried out by Mr Macdonald 
(University College, Liverpool) under the direction of the author; in 
connection with an extension of the whole enquiry to the voluntary, 
involuntary and cardiac muscles. 


W. M. BAyYLiss and Ernest H. SrARLIN d 
On the Electrical Variations of the Heart in Man. 


A record of this was obtained by photographing on a moving plate 
the excursion of the meniscus of a capillary electrometer, the terminals 
of which were connected with the chest just over the apex beat, and 
with the right hand. Photographs obtained in this way showed a 
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triphasic variation accompanying (or rather slightly preceding) each 
beat of the heart. The direction of the phases indicated : 

First, base negatively. 

Secondly, a period in which the two terminals were equipotential, 
the negativity of the apex in many cases however preponderating on 
that of the base, so that the meniscus descends slightly below the base 
line. 

Thirdly, a second period of basal negativity. The curves may be 
interpreted as showing that each contraction of the ventricle starts 
at the base, and descends in a wave to the apex. The whole heart 
remains in a condition of contraction (equal negativity) for a short time, 
and then the contraction dies away at the apex before the base, so that 
the third phase is in the same direction as the first. That is to say, 
the contraction of the ventricular wall at the base begins before, and 
outlasts the contraction of the spherical portion of the ventricle. 
(Photographs of the variations in man and the intact dog were shown 
at the meeting.) 


ANDERSON STUART :— 


(i) The Mode of Closure of the Laryne. 


Gave a brief outline of his observations on the mode of closure of 
the larynx, A, as observed (1) in a man through a large opening in 
the side of the neck, (2) in normal persons by the aid of the laryngo- 
scope, (3) experimentally in animals, and B, as supported by a consider- 
ation of the arrangements of the larynges of different animals and of 
the intimate structure of the human larynx. The epiglottis does not 
fold down in a lid-like way. The laryngeal entrance is closed by the 
apposition and gliding and inclination forwards of the arytenoid carti- 
lages whose upper parts with the Santorinian cartilages fit (in man) 
into the groove formed by the incurved margins of the epiglottic base. 
The muscles concerned are mainly the external thyro-arytenoids. The 
ary-epiglottic muscles, including the oblique arytenoids, tense the ary- 
epiglottic folds. In this way, while the larynx is closed, a T-shaped 
' fissure arises—the transverse limb bounded anteriorly by the epiglottis 
and posteriorly by the ary-epiglottic folds: the antero-posterior limb by 
the arytenoid and Santorinian cartilages. The cavity of the vestibule is 
obliterated, the saccule compressed and possibly a secretion expressed, 
the ventricle encroached upon, the glottis lies at a lower level, and thus 
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the vocal apparatus is moistened and protected during deglutition. The 
upward and forward movement of the whole larynx remains an im- 
portant factor. The arytenoids enclosed in the mucous membrane thus 
replace the epiglottis as the moveable structure. By this account of the 
mode in which the larynx is closed many points in its anatomy and 
physiology are satisfactorily explained. 


(ii) The Mode of Fixation of the Chest. 


Pointed out that if the current account of the mode in which the 
chest is fixed were correct, then persons unable to close their air-passages 
ought to be unable to perform forcible efforts, or, at least, their power 
of doing so ought to be impaired. But upon examining persons with 
fistulous openings into their air-passages he found that they could fix 
the chest by muscular action alone. He found that normal persons 
can keep their larynx open, can respire freely and yet meanwhile 
perform expulsive acts. The conclusion is that the chest is usually 
fixed in two ways, viz. (1) by the compression of the contained air after 
closure of the larynx and the reaction of that air upon the thoracic wall, 
and (2) by muscular action stiffening the thoracic wall per se. Of these 
two factors the muscular action is the more important. It alone can 
fix the chest, while a very high degree of air-pressure acting alone— 
much higher than can be voluntarily produced—would be needed to 
bring about the same result. 
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A. D. WALLER. 
Experiments on Weight-discrimination. 


THESE experiments form an item in the investig ation of the seat of the 
changes underlying sensations of movement. As is well known we are 
in presence of three alternatives—(a) the changes are of wholly central 
origin, the concomitants of “motor” impulses; (b) the changes are of 
wholly peripheral origin, the results of motion of muscles, tendons and 
joints; (c) the changes are of mixed origin, the resultant of all the 
factors under (a) and (6). 

The most directly pertinent datum which has been adduced in 
favour of alternative (6) is to the effect that our discrimination of 
difference of weight is as delicate when the muscles are called into 
action by electricity as when they are voluntarily contracted. On 
examining the evidence for this statement by repeating the experime nt, 
I found (using a rough method, and a rough estimate of the smallest 
difference perceptible “with certainty”) that the discriminative power 
is less with galvanization and much less with far adisation, as compared 
with voluntary tetanus. (Brain, 1891, p. 229.) 

The apparatus now shewn was devised to ensure as far as possible 
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uniform conditions of observation. It consists of a horizontal lath 
bearing the weights P and D and provided with a catch (imitated 
from Fick’s Arbeitsammler) by means of which the muscles only lift 
and do not let down the weight; the electrical stimulus is as far as 
possible made similar in duration to the voluntary stimulus by 
preliminary trials with graphic records of the duration of lift; the 
duration of lift by electrical excitation is kept uniform by the use 
of a clockwork contact to complete circuit. 

The apparatus was employed not to determine experimentally a 
true minimum perceptible difference, which indeed is impossible’, but 
to determine the difference of difference in the various cases under 
uniform conditions as to surface of cutaneous contact, and time and 
speed of lift, using Fechner's method of right and wrong cases as 
being the only one permitting of numerical comparisons, and even 
as regards time the most economical in the long run. 


Discrimination | « Sensibility 
n ratio 
by voluntary effort 1000 160 | 90 1-00 
by farad. of median 1000 500 74 0-16 
by galv. of median | 1000 500 ‘85 0-26 
by galv. of flexors | 1000 250 79 0-40 


1 P signifies the principal weight, D its increment, „ the proportion between right auswers 


to the total number of trials, u 100. 
From these data the comparative sensibility in the different modes of contraction is 
calculated by aid of Fechner’s “ Fundamental Table” (Psychophysic, p. 108). 


. 1 Fechner’s method of observation and of calculation gives only the measure of 
H precision of observation (Präcisionsmaass) which he assumed and which Müller verified to 
Li be proportional to sensibility. In this method so far from seeking for the smallest weight 
increment, perceptible with or without certainty, we select an increment such that a 
considerable error percentage shall occur, and calculate from this datum: e.g. according to 


Fechner's data the percentages with P = 1000 grins. are 67 with D = 40 grins.; 
71 with D=50 grms.; 75 with D=60 grms.; 84 with D = 80 grms.; 97 with D = 160 grms. 
Miiller’s minimal perceptible difference (Unterscheidungsswellenwerth) with PS 1000 


grms. is 13 grms. (Grundlegung der Psychophysic, p. 198); taking this as the value of D, 
the will be 56, i.e. in 100 trials between the weights 1000 and 1013, the probabilities are 


56 right and 44 wrong answers. Under the instrumental conditions which I adopted, the 
standard sensibility is somewhat less; with P=1000 and D=160, the - percentage was 
n 


90. 
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Reviewing the results contained in the last column of this table it 
appears :— 

1. that weight discrimination is more delicate by voluntary than 
by electrical contraction ; 

2. that it is more delicate by galvanisation than by radiation: 

3. that it is more delicate with electrical excitation of muscle than 
with electrical excitation of nerve. 

I should like to remark further that as regards the conclusion to be 
drawn from these data I do not consider that they justify our concluding 
that in weight-discrimination the greater sensibility by voluntary than 
by electrical excitation indicates peripheral factor in the second case, 
peripheral + central factor in the first; they are compatible with this as 
an explanation, but as a conclusion it rests upon other and firmer data. 

On the other hand I do consider the data to be demonstrative 
of the inconclusive character of the evidence in so far as it has been 
advanced in support of the exclusively peripheral origin of weight- 
discrimination. 

No one denies that movements excite afferent nerves and that 
these excitations contribute to sensations of movement; but how this 
contribution is shared in by the various tissues (skin, muscles, joints) is 
a different question; in weight-discrimination by electrical excitation, 
sensation of such exclusively peripheral character is of course produced ; 
in my own case I find upon introspection that it appears to be due 
to cutaneous pressure’, and to speed and extent of movement; as has 
been shewn by Goldscheider, extent of movement is estimated 
principally by means of articular sensation; speed is only extent in 
time ; I cannot discover in my own case any guiding sensation other 
than these two and am therefore inclined to believe that the chief 
peripheral sources of our knowledge of movement are cutaneous and 
articular; this is however a simple statement of faith and does not 
prove that they are not also muscular; they may be, but they have 
not yet been proved to be. But I am anxious not to confuse the issue, 
and may therefore call attention to the difference between these three 
themes :—the assertion of the central factor in addition to the peripheral 
factor, this being the original motive of my experiments; the sub- 


In wy first experiments I commented upon the failure of discrimination in spite of 
the production of cutaneous pressure. The experiments were of a rough preliminary 
character; no particular care was taken to take currents as weak as possible, nor to give 
to them a constant duration as in the present series of experiments; moreover with 
practice it becomes easier to attend to the pressure at the tips of the fingers. 
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ordinate question as to the composition of the peripheral factor, glanced 
at in the last ten lines; the particular topic dealt with in this group of 
experiments, forming an item in the main question. 

The particular numerical values given above are not presented as 
being exact; the data are not sufficiently numerous, nor do data of this 
class permit of great exactitude. They are given in the hope that they 
may be controlled by other observers ; the experiments themselves and 
the question to which they relate, are too complicated to be disposed of 
by any one unsupported series of assertions, however weighty, either 


with or without an experimental basis. 
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J. Hersert PARsoNs. 
A Physical Explanation of Muscle and Nerve Currents. 


In 1878, D’Arsonval' propounded a physical theory for the 
explanation of muscle-currents. This he subsequently elaborated, and 
it will be found in its mature form in the Archives de Physiologie tor 
1889. He supposes muscle-currents to be due to changes in surface- 
tension, occurring at the planes of separation of the bright and dim 
disks of the muscle-fibre. This theory, he considers, explains the 
following points :— 


(1) The negative variation of contracting muscle, and the fact that 
the contracted part of a muscle becomes negative to the resting 
part. 

(2) The fact that a maximum negative variation occurs when the 
muscle contracts whilst extended, de, during isometric con- 
traction. 

(3) The positive variation of a stretched muscle as compared with 
a contracting muscle. 


1 Gazette des hopitaur, 21 mai 1878. 
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(4) The fact that the negative wave is propagated with the same 
velocity as the wave of contraction; this being comparatively 
slow. 

(5) The fact that electricity is the most energetic stimulus of 
living protoplasm, and that the negative pole is more effective 
than the positive. 

(6) The fact that muscle is a heat engine, the heat being a residue 
of the muscular contraction and not the source of that con- 
traction. 

The principal objections to D’Arsonval’s theory are :— 

(1) The absence of disks such as those of which he speaks in the 
muscle fibres. 

(2) The failure of the theory to explain nerve currents; the exact 
parallelism of which in all respects to muscle currents is a fatal 
objection to any theory which is not equally applicable to both. 
D’Arsonval carefully abstains from all reference to nerves in 
his paper. 

Professor Schäfer“ has shewn that striped muscle consists of groups 
of parallel capillary tubes (sarcous elements) rather than of superposed, 
alternating disks. The walls of these tubes consist of material which is 
called sarcous substance. They contain droplets of a more fluid 
material, which when the fibre is extended passes out from these 
capillary pores into the intersarcous spaces at their ends and thus forms 
the clear disk of muscle. 

In the resting condition, the sarcous capillary tubes have a certain 
diameter. There will then exist between the fluid contents and the 
wall of the tube a surface tension which will be increased by diminution 
and diminished by increase of the calibre of the tube. Now changes of 
surface tension under all circumstances are accompanied by corre- 
sponding changes in Electrical tension, diminution of surface tension 
being accompanied by a negative variation and vice versa. As Professor 
Schafer has shewn, in the contracted muscle, the tubules of the 
sarcous element are swollen and shortened by the passage into them of 
the hyaline substance, and this phenomenon is, as is well known, 
accompanied by a negative variation. On the other hand, in extension 
the reverse histological process occurs. In the experiments about to be 
described, | have endeavoured to shew that a similar reversal of the 


Proc. Roy. Soe., Vol. xinx, 1891. International Journal of Anatomy and Physiology, 
Vol. vIn., 1891. 
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electrical conditions also takes place. D’Arsonval has previously 
shewn that mechanical elongation of a muscle produces a_ positive 
variation. In most of my experiments a single muscle was used, one 
portion being stretched, whilst the remainder was in the resting 
condition. The apparatus was as follows: A piece of sheet cork was 
fixed in the bottom of a small porcelain dish. To the cork, in about 
the centre of the dish, was attached a screw clamp such as is usually 
employed on india-rubber tubing. This was placed vertically. The 
jaws of the clamp were protected with india-rubber so that the injury to 
the muscle was reduced to a minimum. Drying was prevented during 
the experiment by filling the dish with oil so that the muscle was 
completely immersed, This apparatus was fixed to the cork plate of a 
myograph, the muscle being connected with the lever in the usual 
manner, The part next the lever was stretched by hand or by means 
of weights placed in a scale pan hanging from the lever. A simultaneous 
record of the elongation was taken by causing the lever to write on 
a smoked cylinder. Non-polarisable electrodes were connected with 
each half of the muscle by threads dipped in saline clay, which caused 
them to sink through the oil and make good contact. The arrangement 
of compensator and galvanometer was such as is usual in similar 
experiments and needs no description. 

It was found that with the greatest care in clamping, there was still 
a considerable demarcation current. This was compensated accurately. 
The muscle was then momentarily stretched and the deviation of the 
spot of light noted. It was found to.be always in such a direction that 
the stretched part became positive to the unstretched. Owing to the 
strong and variable demarcation current, it was impossible to obtain 
comparable quantitative results. The muscle used was the frog’s 
sartorius, the bony attachments at each end being always retained so 
as to minimise injury to the muscle. In a few experiments the two 
halves of the muscle were stretched alternately. In every case, the 
stretched part became positive to the unstretched. In muscles left in 
saline solution for 24 hours and which shewed no demarcation current, 
there was a similar deflection but smaller and much more sluggish 
in character. The deflection, however, was quite appreciable and had 
the same significance. 


In another experiment, two muscles were taken. They were joined 
by a saline plug, end to end. One was stretched, the other unstretched. 
The stretched became positive to the unstretched. 

The dead sciatic nerve of a dog was treated as in the first muscle 
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experiments. The result resembled that in dead muscle; the deflection 
was quite obvicus, shewing the usual positive variation. 

From these experiments it seems clear that D’Arsonval is correct 
in attributing such muscle currents to a physical cause, although his 
explanation rested on an erroneous anatomical basis. It would now 
appear probable that muscle and nerve currents are caused by the 
movements of fluid in capillary tubes, and since it has been indicated by 
Professor Burdon Sanderson’ that the electrical change of contracting 
muscle does not precede but actually coincides with the mechanical 
effect, the hypothesis that the electrical variation is produced by 
chemical changes which precede the actual shortening is no longer 
necessary, 


C. S. SHERRINGTON. 
The nuclei in the lumbar cord for the muscles of the pelvic limb. 


The following conclusions were given, illustration being made by 
microscopic preparations, photographs, and dissected preparations. 

The arrangement of the motor roots to the pelvic limb indicates 
that the musculature of the limb is composed of six muscular rays. 

Of these the four most preaxial extend successively further into the 
limb as taken in series along the postaxial direction. 

The limb has a sloping preaxial edge into the composition of which 
enter the four rays; the postaxial edge is (as regards the musculature) 
abrupt and is composed in its whole length by one ray only, the 6th or 
most postaxial. 

The arrangement of the motor filaments in each anterior root is 
such that when split into its component filaments excitation of each 
constituent filament sets in action several muscles, and these muscles 
are often all those which excitation of the entire anterior root sets in 
action. ‘The individual bundles of the anterior root are in miniature 
the entire root itself and give results in quality the same as it does 
although not in quantity. 

This conclusion is however limited by another, viz. that the repre- 
sentation of a muscle or group of muscles although often extending 
through the region of origin of one nerve root into those of the 
adjoining roots not infrequently stops short not at the gap between two 
nerve roots but within the region of a nerve root. Thus in Macacus 


roc. Roy. Soc., Vol. xuvit., p. 14. 
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rhesus, the upper part of the outflow of motor fibres to the intrinsic 
plantar muscles sometimes extends through a fraction of the region of 
the 6th lumbar root: the lowest part of the outflow to the precrural 
muscles sometimes extends not fully to the lower border of the 5th 
lumbar segment: the upper border of the region of outflow for the 
inner hamstrings sometimes extends a third or so up the region of 
origin of 5th lumbar root. 

The majority of the limb muscles are innervated by three nerve 
roots (in Macacus). The commingling of nerve fibres for various 
muscles at their very exit from the cord points to a probability of 
their sources of origin within the cord being also commingled in the 
transverse plane if not in the longitudinal. 

The intrinsic muscles of the foot are as judged by their nerve root 
supply as postaxial as any muscles in the limb, often obviously more 
postaxial than any others entirely within the limb. 

Of the cell-groups which occur in the ventral cornua of the cord in 
the sacrolumbar region the median group exists in unbroken continuity 
throughout the cord and is related to the muscles of the spinal column, 
including the tail, and perhaps to certain other muscles not widely. 
removed from the longitudinal axis of the body. Of the cell groups 
characteristic of the lumbar enlargement the postero-lateral is that 
which extends farthest postaxially if the median group be disre- 
garded. 

The postero-lateral group when followed downward in a series of 
sections abruptly ceases in the 9th subthoracic segment, which is the 
segment that is the lowest to give motor fibres to the intrinsic muscles 
of the foot. 

As in the pelvic, so in the brachial limb the intrinsic muscles of the 
hand are as postaxial as any in the limb. Excitation of the 2nd 
thoracic root in Macacus rhesus gives interosseous flexion of digits and 
Hexion and adduction of the thumb (Ferrier and Yeo). In many 
cases it gives flexion of the wrist and pronation of the hand as well; 
but even then analysis of the root by excitation of its separate filaments 
shews that the most postaxial filaments supply especially the intrinsic 
palmar muscles. 

Of the cell groups in the brachial enlargement of the cord the one 
(apart from the median) which extends farthest postaxially is the 
postero-lateral group. At the 2nd thoracic segment it fails somewhat 
suddenly opposite the lowest limit of the outflow of motor filaments to 
the intrinsics of the hand. 
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The outflow of motor fibres to the limb (hand) comes in Macacus 
down to the 2nd thoracic segment, and on the other hand the outflow 
of fibres to the cervical sympathetic extends upward (in Macacus) into 
the Ist thoracic root (pupillo-dilators). There is therefore in these two 
thoracic segments a mutual overlap of the outflows of limb efferents, 
and of sympathetic efferents. In these two segments a corresponding 
overlap is obvious in the structure, the mutual overlap of two of 
the cell groups, i.e. the postero-lateral cell group of the anterior 
horn extends downwards and overlaps the upward extension of the 
small cell group of the lateral horn. In these two segments large 
cells and small cells are found side by side in a lateral portion of grey 
matter which is formed by the conjunction of the lateral horn with the 
part of the large anterior horn lying next it. 

This correspondence between the overlap of the two cell-groups and 
of the two sets of efferent fibres (limb and visceral) supports Gaskell's 
view that the small cells of the lateral horn give rise to his efferent 
visceral fibres. In urging this it is assumed that most of the limb fibres 
of the anterior root, and the bulk of the small visceral fibres of the 
anterior root both arise within the grey matter near the level of their 
surface origin. This assumption is warranted from the fact that frontal 
sections of the cord occasionally exhibit one and the same axis cylinder 
running in the same section quite across from the postero-lateral group 
of cells into the white matter and very close to the edge of the anterior 
column; and the fact that after transverse lesion of the cord of Macacus 
in the thoracic region the anterior root immediately below, and the 
anterior root immediately above contain numbers of healthy nerve fibres 
both large and fine four months after establishment of the lesion. 

In man, in dog, and in cat the relation of the lower end of the 
postero-lateral cell group to the intrinsic muscles of the foot (and hand) 
corresponds with that stated for Macacus. 

When the foot has been lost in early life, the postero-lateral group 
in the adult lumbar cord may be smaller by nearly a half on the side 
corresponding to the injury than on the opposite side. 
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Chemical Characteristics of Nucleo-albumins. 


Prof. HALLIBURTON made a communication on the chemical charac- 
teristics of nucleo-albumins. He had ascertained that some of the 
proteids he had described in liver, kidney, and brain, in previous 
communications to the Society, as globulins, were in reality nucleo- 
albumins ; that is on gastric digestion they yielded not only proteoses 
and peptone, but also an insoluble product rich in phosphorus, nuclein. 

He had since this been engaged in studying the properties of 
nucleo-albumins. Two methods of preparing these substances were 
used :—(a) the finely minced organ was mixed with a strong solution of 
sodium chloride; the resulting slimy product was poured into excess of 
water; the nucleo-albumin rises in strings to the top, the globulins 
sink to the bottom with the portions of unaffected tissue. This method 
he had previously used in the preparation of nucleo-albumins from 
lymph cells and from the thymus gland. (b) The finely divided organ 
is extracted with distilled water; from the aqueous extract a precipitate 
is obtained on the addition of a little acetic acid. This precipitate is 
Wooldridge’s ‘tissue-fibrinogen’ and is a mixture of nucleo-albumin, 
mucin, and lecithin. The mucin is only present in traces and is no 
doubt derived from the interstitial connective tissue; the lecithin is 
easily removable by alcohol at 40°C.; the chief constituent is nucleo- 
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albumin. Lymph glands, thymus, testis, brain, kidney and liver all 
yield a similar product. The proteid obtained is however not identical 
in all cases, differing in the percentage of phosphorus that it contains, 
and also in certain physical properties; thus the first method (a) just 
described does not yield any nucleo-albumin when liver and brain are 
the tissues under investigation; and the liver it may be stated yields a 
very small precipitate when treated by the second method. In the 
brain, the precipitate obtained from grey matter is much more abundant 
than from the white matter. The kidney yields a nucleo-albumin by 
both methods, and the product is the same whichever method is 
adopted ; for after extraction of the nucleo-albumin by either method, 
traces only can be obtained if the residue is treated by the other: 
moreover phosphorus determinations give the same result (0°3 per cent.) 
in both cases. 

Wooldridge showed that intravascular coagulation was produced 
by intravenous injection of ‘tissue fibrinogen. Wright has found in 
addition that peptonuria is produced. While not denying the possi- 
bility that the ‘ peptone’ originates from the foreign proteid introduced 
into the circulation, Dr H. found that the freshly prepared nucleo- 
albumin does not give the biuret reaction, nor does it give the 
nitric acid reaction characteristic of the proteoses. With copper 
sulphate and caustic potash, a violet not a pink colour is the result 
Nitric acid added to a solution of nucleo-albumin in weak sodium 
carbonate solution gives a precipitate, which partially clears up on 
heating, but there is no increase in the amount of precipitate on cooling. 

By suspending the nucleo-albumins in distilled water, it was found 
that in all cases they were coagulated by a temperature of about 60°C. 

The method of phosphorus determination adopted was briefly as 
follows: the material was washed thoroughly with dilute acetic acid, 
distilled water, cold and hot alcohol, and ether. Treatment with 
alcohol washes away the lecithin, and renders the remaining proteid 
insoluble. It was then washed with water faintly acidulated with 
hydrochloric acid to get rid of inorganic phosphates; then with water, 
and finally dried and powdered. A weighed quantity was dissolved in 
boiling nitric acid and the solution concentrated on the water-bath, 
oxidation being completed by the addition of a little sulphuric acid and 
potassium chlorate. The phosphoric acid so formed was then precipi- 
tated by nitromolybdate of ammonia; the yellow precipitate was 
collected, washed, and then redissolved in ammonia; and to this 
solution magnesium mixture added. The precipitated ammonio-mag- 
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nesium phosphate was collected on a filter of known ash, washed with 
dilute ammonia, and incinerated; the ash (magnesium pyrophosphate) 
was weighed, and from it the amount of phosphorus in the nucleo- 
albumin calculated. 


Mr Peyton J. B. BEALE made a preliminary communication on 
the “ Distribution of nerves in Synovial Membranes.” 

The method of preparing tissues for the examination and demon- 
stration of the finest nerve fibres only was described. 

The method is a modification of that described by Dr Lionel 
Beale many years ago. 

The animal whose tissues are to be examined is killed preferably by 
shock. 

The aorta is then exposed and a small cannula secured in it; then 
a glycerine solution of osmic acid is injected for 5 minutes by means of 
a small syringe, the solution consisting of 


1°/, solution of osmic acid part 
glycerine—2 parts 
water —7 parts. 

A little weak glycerine is then injected and then Beale’s carmine 
fluid. The injection of this fluid occupying about 20 minutes, the 
animal is then left in a warm moist chamber for 24 hours. After that 
time has elapsed, a little pure glycerine is injected and then Beale’s 
Prussian blue fluid is injected. The tissues to be examined are then 
dissected out and washed in equal parts of glycerine and water to wash 
away excess of carmine fluid, and then in pure glycerine; finally they 
are left soaking in pure glycerine to which a few drops of glacial acetic 
acid and a few crystals of chromic acid have been added, the tissue is 
then teased out and examined with a high power. All the nuclei are 
stained with carmine and the capillaries are found injected with the 
Prussian blue. The specimens have to be washed many times in pure 
glycerine before being permanently mounted. In the case of larger 
animals, one limb can be injected from its principal artery, and 
subsequently treated as before described. A white animal should be 
selected so as to get the preparation quite free from pigment cells. 

Some specimens of synovial membrane from the knee-joint of the 
white mouse and rabbit were exhibited, showing the Villi, also some of 
human synovial membrane, stained by injecting the carmine fluid into 
the cavity of the knee-joint. | 
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It was proposed to demonstrate and describe the actual distribution 
of nerves to the Synovial Membrane at a subsequent meeting of the 
Society. 


Mr R. T. Hewett described some experiments he had performed 
to endeavour to elucidate the question as to whether such a substance 
as lacto-globulin exists’. He found that after saturating milk with 
sodium chloride, further saturation with magnesium sulphate gave a 
precipitate, and that the same occurred on using the salts in the reverse 
order. This precipitate after being dissolved is precipitated by dialysis. 
It was also found that a solution of lact-albumin (prepared by saturating 
with ammonium sulphate the final filtrate after saturation with the two 
salts mentioned) is precipitable to a certain extent by dialysis. 

The so-called lacto-globulin seems to be a small quantity of case- 
inogen which resists precipitation on saturation with a single neutral 
salt; like caseinogen it is not coagulated by heat, it is precipitated by 
saturation with neutral salts and by acetic acid, and clots with rennet. 

Mr Hewlett also communicated some experiments on the effect of 
dilution on the temperature of coagulation of solutions of white of egg. 
In his experiments he used an oil-bath instead of the water-bath. He 
finds that dilution does not affect the coagulation-temperature nearly so 
much as stated by Haycraft and Duggan*. Up to a dilution of one in 
eight or nine the effect is inappreciable and beyond this the rise in the 
coagulation-temperature is not so great as found by Haycraft and 
Duggan. Other experiments show that the phenomena of fractional 
heat-coagulation cannot be explained on the principle of dilution, and 
some of the results obtained seem to indicate that the conclusions of 
Corin and Berard are correct, viz. that white of egg consists of several 
proteids’. 


Mr R. A. YouNG showed specimens of gelatin prepared from the 
retiform tissue of the intestinal mucous membrane, and also from 
lymphatic glands stripped of their capsules. 

In some quantitative experiments on dog’s mucosa the percentage 
of gelatin varied from 0°16—0'32. 

These results are opposed to those of Mall, who stated that gelatin 
could not be obtained from retiform tissue and regarded it as made up 
of fibres differing from ordinary white fibres. 

See Halliburton, Journ. of Phys., Vol. x1. p. 449, and Sebelien, ibid. x1. p. 95. 


2 Brit. Med. Journ. 1890, 1. p. 167, and Proc. Roy. Soc. Edin., 1888-9, p. 361. 
1 Bul. Acad. roy. de Belg., xv. 4. 1888. 
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Mr T. G. Bnop showed an apparatus for obtaining the curve of 
elasticity of any tissue. The recording apparatus consists of a system of 
levers by means of which the curve obtained is not complicated by 
having to take into account the fact that the writing point describes an 
arc of a circle as in ordinary forms of apparatus. Increase and decrease 
in the tension on the tissue is affected through the elongation and 
relaxation of a hard iron spring, the upper end of which is supported 
on the lower of three small pulleys (arranged according to the first 
system of pulleys), the free end of the cord round the upper pulley 
being attached to the tissue experimented upon. The object of the 
pulleys is to so diminish the movement of the upper end of the spring 
that it may for the purpose of the experiment be considered fixed. 
The recording surface is driven by the same clockwork which extends 
and relaxes the spring, so that any irregularity in the movement of the 
spring produces a proportional alteration in the movement of the surface, 
and so the form of the curve is unaffected. — 
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CAMBRIDGE. May 14. 


JohN Berry Haycrart, M.D. 
Development of Vertebrate Muscle. 


Before we can understand the structure or the development of 
vertebrate muscle it is necessary to study the muscles of invertebrates, 
inasmuch as, to a certain extent at least, the development of muscle in a 
given species is a recapitulation of its ancestral evolution. 

The usual method of examination, that of teasing, must be supple- 
mented in every case by transverse sections; otherwise we lose all trace 
of the relationship between the contractile fibres and the connective 
tissue, which, in all cases, forms a primarily developed scaffolding upon 
which the former are built. 

A study of about a hundred invertebrate types shows that it is possible 
to place most of them in one of two classes. In the first class the tissue 
consists of hollow tubes of connective tissue lined by contractile fibrils, 
and with central nuclei surrounded by more or less granular protoplasm. 
These we may describe as endogenetic muscular formation, and it is seen 
in some of the ctenophores, nemertine worms, leeches, salpa, and early 


embryonic vertibrate muscle. The Hertwigs have shown that in cteno- | 
phores these tubes are probably developed as in tuckings of the layer of 
fibrils which in other cœlenterates covers the mesoglea. 
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In the second class the tubes of connective tissue are filled with 
solid rods of contractile fibrils with nuclei on the outside, and as they 
grow by depositions on the outside, over which depositions the nuclei 
seem to have some action, they may be termed exogenetic fibres. They 
are found in some worms, e.g. Cerebratulus, commonly in Echinodermata, 
Mollusks, and in late embryonic and adult vertibrate muscle. 


First Origin of Vertebrate Fibres. 


The following types of developing vertebrate muscle have been 
studied by the author: frog, newt, lepidosteus, chick, rabbit, mouse, and 
sheep, by means of several transverse and longitudinal sections. An 
early view of a very young embryo—a chick of the fourth day—shows a 
matrix of tissue—connective tissue—full of transparent proliferating 
nuclei which lie in the matrix and in longitudinal tunnels excavated in 
the matrix. 

In a later embryo these tunnels are lined by contractile fibrils, each 
tube of fibrils having one or more nuclei, At this stage the appearance 
is similar to that of an adult salpa or nemertine. 

This method of muscular formation continues in the chick to the 
tenth or twelfth day, but after this all new fibres, and there are many 
of them, are formed exogenetically. In tritin, frog; fish this new forma- 
tion is seen at the borders of the muscle plate; in the rabbit they are 
among and between the old endogenetic fibres. In the exogenetic 
formation a number of nuclei in line with one another and with con- 
fluent protoplasm form on one side of them a solid muscular fibre. The 
formation is the same as that of a tendon fibre. 


Further Growth. 


After the endogenetic fibres have become solid, the solidification 
proceeding from without inwards, the nuclei retain their central position. 
Increase in girth of the fibres then goes on exogenetically, and in asso- 
ciation with clasping nuclei, which were present at the earliest stage at 
which any contractile fibrils are seen. All the fibres then continue to 
grow exogenetically, and if the nuclei remain outside, and do not become 
included in the tissue they form, we get the adult fibre without contained 
nuclei, e.g. mammalian muscle. If the nuclei become embedded in the 
muscle as it is forming, then we have, as in the frog, nuclei within the 
fibres. A parallel to this is seen in the formation of dentine and bone, 
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where, in one case, the nuclei remain outside, and in the other case are 
embedded in the tissue they form. The Sarcolemma, which may or 
may not be present, is formed by the clasping nuclei. 

Both comparative histology and a study of its development demon- 
strate that ordinary skeletal vertebrate muscle and invertebrate muscle 
for the most part is of identically the same “build” as fibrous connective 
tissue, muscle nuclei being the homologues of tendon nuclei, muscle 
fibrils of tendon fibrils and muscle interfibrillar matter, with tendon 
interfibrillar matter. These tissues at the muscle insertions are to be 
distinguished by their physico-chemical characters, not by their “ build,” 


which is the same in both cases. 


The term cell has been avoided in the above descriptions and the 
nucleus alone alluded to for the sake of convenience. It appears 
probable from the foregoing that the adult ancestor of the vertebrate 
had endogenetical fibres like those of a leech or salpa. 


J. N. LANGLEY AND H. K. ANDERSON. 


The authors have endeavoured to find satisfactory evidence as to the 
method by which the cervical sympathetic causes dilation of the pupil, 
and have come to the conclusion that the dilation is due to the contrac- 
tion of a radially arranged muscle. They find: 

1. That when two radial cuts are made close together, so that a 
strip of the iris is obtained attached to the rest of the iris at the 
ciliary border only, the strip contracts in a radial direction when 
the cervical sympathetic is stimulated. 

2. That when such a strip of iris is kept in an extended state for a 
short time, it does not, on being released, shorten as it would if 
the normal dilation of the pupil were due to elastic tissue in the 
iris, And that when the eye is left after general death until 
the muscular tissue is also dead, there is little or no retraction of 
the ciliary portion of the ir’s on removal of the sphincter portion. 

They find further : 

1. That on stimulation of the edge of the sclerotic at one spot, a 
local dilation of the pupil can be obtained with simultaneous 
contraction of the sphincter in the dilated part. 

2. That with stray local dilation, produced as above, the opposite 
side of the iris is dragged towards the spot stimulated. 

The experiments have been made chiefly upon cats. A critical 

account of the various views which have been held will be given in a 
paper to be published shortly. 
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On the transformation of Maltose to Dextrose :—L. E. SHoRE and 
M. C. TEBB. 


THE experiments made were largely a repetition and extension of 
the work of Brown and Heron on the hydrolytic action of the Small 
Intestine on carbohydrates. The method used by them, of allowing 
the dried tissues to produce the ferment action, was adopted. Results 
of experiments with the following tissues were brought before the 
society :—Pancreas, mucous membrane of the small intestine, lymphatic 
glands, Peyer’s patches, and mucous membrane of the small intestine 
freed from Peyer’s patches. Most of the experiments were done with 
the tissues of the pig, those of the ox, sheep, rabbit were sometimes 
used. The tissue, whose transformative power on maltose was to be 
tested, was as far as possible freed from fat, finely minced, spread on 
glass, and dried in a current of air at 37°C. The drying was usually 
complete in a night—12-16 hours. The tissue was then finely 
powdered and the fat extracted with ether. The general plan of the 
experiments was to add to a solution of maltose a few grammes of such 
prepared tissue shaken up in water and to set the flask, a little thymol 
or boracic acid being added, in the warm bath for 10 to 20 hours. As 
control, in all cases, another flask was prepared containing the same 
amount of maltose, to which was added the same amount of the 
tissue, previously boiled. At the end of the experiment the sugar 
was estimated by reduction with Fehling and by rotation (in some 
cases the final solution was not clear enough to admit of this) and 
then again after boiling with acid. The presence of dextrose was also 
decided by phenylhydrazin and by Barfoed’s reagent. The fluid was 
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prepared for this estimation as follows, From the contents of the 
flasks the solid tissue particles were separated by the centrifuge, and 
extracted with alcohol. The fluid was concentrated and repeatedly 
extracted with alcohol. The mixed alcoholic extracts were evaporated, 
and the residue taken up in water. If proteids still remained they 
were removed by HgCl, 

The results of a few experiments, comparing the relative activity of 
the above-mentioned tissues, were brought forward. Fifteen grammes 
of the prepared mucous membrane of the small intestine of the pig 
were added to 300c.c. of maltose solution just alkaline with sodic 
carbonate, of the strength 141% by reduction, 1°42°/, by rotation; 
after 21 hours phenylhydrazin gave much phenylglucosazone, and 
estimation showed that the sugar present was 19% maltose and 81% 
dextrose. This was the largest change obtained. 

The mucous membrane of the small intestine, freed from Peyer’s 
patches, of another pig showed, after 19 hours, 353% maltose to 64°7 °/, 
dextrose. The Peyer's patches of the same animal, acting in the same 
amount on the same strength of maltose gave, after the same time, 
63.3% maltose to 36°7 / dextrose. Our results on the relative activity 
of the Peyer’s patches to the mucous membrane of the intestine do 
not agree with those of Brown and Heron. They found the lymphoid 
tissue far more active than the mucous membrane. With lymphatic 
gland tissue, the transformation is still less than with Peyer’s patch. 
In one experiment 15 gr. of the tissue (of sheep) acting on 300c.c. of 
maltose solution of the strength 2°86 / by reduction, 280% by 
rotation gave, after 18 hours, 72°/, maltose and 28% dextrose as the 
relative amounts of reducing sugar present. 

With pancreas the action is still less. Fifteen grammes of the dried 
tissue gave in one experiment, after 22 hours, 76°/, maltose and 24% 
dextrose. In this case, the activity was the greatest observed with 
pancreatic tissue. Pancreatic extracts were not nearly so active, and in 
some cases only a trace of dextrose is formed even after 24 hours. 

In no case was there any change of maltose to dextrose in the 
control experiments, i.e. in the flasks to which the boiled tissue had 
been added. 

It is probable that the transformation of maltose to dextrose is not 
carried out by the pancreatic juice but by the small intestine, and 
further not by the lymphoid tissue but by the mucous membrane 
of the gut; but whether it is effected by the secretion poured into 
the cavity of the gut or by the cells through which the solutions pass 
during absorption is not indicated by these experiments. 
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Geminal Nerve-fibres. Dichotomous branching of medullated fibres in 
the Brain and Spinal Cord :—C. S. SHERRINGTON. 

C. 8. SHERRINGTON demonstrated by means of micro-photographs 
sections prepared from mammalian brain and spinal cord showing the 
presence of the twin fibres to which he had drawn the attention of the 
Society first at a meeting in March 1889. 

He had designated the fibres geminal fibres and had stated 
reasons for believing that the geminal fibres arose by dichotomous 
branching of a single parent fibre. He urged that some fibres of the 
pyramidal tract branched in this way during their descent along the 
spinal cord'. At the December meeting of last year, he had been able 
to show a number of preparations of geminal fibres obtained not only 
from the pyramidal tracts but from the corpus callosum and various 
spinal tracts, and in man and dog as well as in the monkey. He urged 
that the diminution in size of degenerations in Goll’s column, when 
followed upwards through the cervical region, is partly to be explained 
by geminal fibres existing in that column. On the present occasion he 
wished again to urge these conclusions and to show illustrations of 
the following further points. | 

The geminal fibres can be picked out by their undergoing degenera- 
tion together in a scattered degeneration, but they can also be displayed 
in virtue of their escaping degeneration together in an extremely dense 
degeneration. 

The geminal fibres can be well demonstrated by the developmental 
method, because each of the components of the geminal pair acquires 
the myelinated sheath at the same epoch of development of the cord. 

The geminal fibres are at their origin surrounded by a sheath 
common to both of them. 

As traced in successive sections geminal fibres at first lying close 


1 Journ. of Phys., Vol. x. p. 428. 1889. 
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together in a common sheath diverge gradually one from another, the 
angle of divergence being a very acute one. 

Each of the geminal fibres is approximately of the same size, and 
of about the same size as the parent fibre. Some pairs are small, some 
large. The largest have measured as much as 15, the smallest as 
little as 3y. 

He had up to the present time observed geminal fibres im the 
following tracts of the mammalian central nervous system: 

the Pyramidal tract in the brain (man, monkey, dog). 
3 8 „ in the cord, (a) crossed (man, monkey, dog). 
(8) recrossed (monkey, dog). 
the transverse fibres of the Corpus Callosum (monkey). 
the Direct cerebellar (monkey, dog). 
the Antero-lateral ascending (monkey, dog). 
the Antero-lateral descending (monkey). 
the Median posterior (Goll’s) (man, monkey, dog). 

Geminal fibres can be seen in the healthy adult cord, and good 
examples occur in the cords of the Bony Fishes. In longitudinal pre- 
parations the seat of bifurcation can occasionally be found ; at the seat 
of bifurcation there appears no node such as exists at the seat of division 
of the fibres of peripheral nerves, Under geminal fibres there will 
probably have to be included varieties—bigeminal, trigeminal, ete. 

The physiological importance, of geminal fibres is considerable in 
forming. any estimate of the capacity of the spinal cord as a conductor. 
Since the specimens of them had been first demonstrated to the Society 
other evidence that branching occurs in the nerve fibres of the spinal 
cord had been given by the researches of Ramon y Cajal and Kélliker. 
The interpretation of the measurements of the white columns made by 
Stilling, by Gaule, and others is largely affected by this dichotomous 
division of fibres. 

Photographs were also shown to illustrate the fact that after trans- 
verse lesion of the spinal cord in the thoracic region (Macacus) the fibres 
which degenerate in the lip of the ventral fissure above the lesion are 
fibres of small diameter, while on the other hand the fibres which 
degenerate in the lip of the ventral fissure below the seat of lesion are 
fibres of large diameter. The ascending tract in the anterior column in 
that position consists therefore of comparatively fine fibres, while in the 
same part of the column the descending tract, the fibres of which are 
commingled with those of the ascending tract, consists of fibres which 
are relatively much larger. 
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